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olyester no | 


new Winding Wires & Strips 


with these important characteristics : 


HIGH THERMAL STABILITY 

HIGH DIELECTRIC STRENGTH | 
GOOD ABRASION RESISTANCE 
EXCELLENT FLEXIBILITY 








Polyester No. 1 Winding Wires are a new development 
by BICC. 

They are superior to, and supersede BICC Teramel 
Winding Wires, and have the additional advantage of 
improved flexibility on rectangular conductors. 


a Era product 


BRITISH INSULATED CALLENDER’S CABLES LIMITED 2I BLOOMSBURY STREET LONDON WCI 
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WHAT 

IS A 
BEAUTIFUL 
SHAPE? 


Why is one shape considered attractive 
and another ugly? This question is one 
which mathematicians may soon be 
able to answer. Our photograph (copy- 
right Science Museum London) shows 
a geometrical model of a three-dimen- 
sional surface. constructed by Mr. John 
Harvey, to illustrate -mathematical 
principles. The equation for thesurface 
is given below. The model is housed in 
the South Kensington Science Museum 
who kindly provided this picture. 


(x +- ey’)? (z y?*)?—a(k?- y’)? 


CURTA CALCULATING MACHINES are fast becoming the 
constant companion of mathematicians, scientists, and technicians 
everywhere. For larger firms, a rental scheme is now available 
which will enable technical staff to increase their efficiency by 
the use of these machines at low cost and entirely out of revenue. 


Write for full details. 


CALCULATING MACHINES 


Pl I have details of CURTA calculati hi 
LONDON OFFICE MACHINES LTD. er, me have details o calculating machines 


Terminal House, Grosvenor Gardens, S.W.1. SLOane 0407 (4 lines) 
Branches at: Belfast, Birmingham, Bristol, Dublin, Edinburgh, Glasgow, 
Leeds, Manchester, Newcastle, Nottingham, Southampton. 
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THE TREND TOWARDS 








To meet the increasing demand for miniaturisation combined 
with > We are pr highly stable precision wire- 





wound resistors of minute dimensions to standard specification. 
Please write for further detail: 


@ DIMENSIONS #"* long by °/;,” diameter. Axial eadouts 
20 s.w.g. tinned copper wire 2}” long. 


+ pry ety Tolerances set at 20°C.: 1%, 0.5%, 0.25% 
a) 


@ ANY VALUE can be plied in the Resi Range 
100 ohms to 500K ohms. — 





@ Rating + watt. 


@ Guaranteed Temperature Coefficient better than 0.002% 
per °C. over the whole resistance range. 


ee a selected wire is sealed against humidity in a 
which can withstand temperatures of over 150°C. 





@ Precision Comp it designed and manufactured for 


Standard products include 2W, 1W, 4W and iW precision 
wirewound resistors in the range 0.1 ohms to 10 megohms. 
Higher values can rt wi be produced to order. 


551, HOLLOWAY ROAD, LONDON, N.19 
Telephone: ARCHWAY 0014/5 
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Sole Manufacturers and Exporters: 

ARDENTE ACOUSTIC LABORATORIES LTD. 

8-12 MINERVA ROAD, NORTH ACTON, LONDON, NWIO0_ Telephone: ELGar 3923 
Suppliers of components and hearing aids to the Government and manufacturers all over the world 
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Long persistence 


for slow processes 











1 1 4. 


L 
SECONDS - 








or 


Industrial Tube 
3AFP/ 


Here is an inexpensive cathode ray tube produced specifically for 
industrial applications where a long persistence screen is required 
for observing slow or non-recurrent processes. This readily available 
23-inch tube is invaluable for use with servo mechanisms and a 
wide variety of control apparatus. 

It has a high sensitivity which simplifies deflection amplifier design 
and the circuitry associated with the tube itself is comparatively 


simple. Write for full details of the 3AFP7 to the address below. 


ABRIDGED DATA 


The 3AFP7 is suitable for symmetrical or asymmetrical operation. 





Screen Typical Operation 
Type P7—Blue flash, Val + a3 1000V 
yellow afterglow. Va2 (for focus) 210 to 320V 
Vg (for cut-off) -28 to -65V 
Heater Sx 20V/cm. 
© Wh = 6.3V Sy 11.5V/cm. 
Th = 0.55A 








ETEL] Cathode Ray Tubes 


Regd. Trade Mark 


ELECTRONIC TUBES LIMITED: Kingsmead Works +» High Wycombe + Bucks + Telephone: High Wycombe 2020 
ETL Rev 5A 
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AUTOMATIC - SELECTIVE 





A number of electro-acoustical and electro-mechanical trans- 
ducers have to be measured under conditions where the 
desired signal level is close to the noise level. Under 
these circumstances selective measuring technique has 
to be employed. 


By means of the A. F. Response and Spectrum Record- 
er Type 3320 not only selective measurement of fre- 
quency characteristics but complete harmonic ana- 
lyses can be carried out and recorded automatical- 
ly on pre-printed, frequency calibrated recording 


paper. 
Type 3320 is an extremely versatile unit which 
consists of an Oscillator (I'ype 1014) with 
automatic output regulator, a 1/3 Octave 
Spectrum Analyzer (Type 2110), anda 
igh Speed Level Recorder (Type 2304). 


These instruments are mechanical- 
ly coupled together and comple- 

te syncronization of the frequ- 
ency sweep of the Oscillator and 

Analyzer with the paper 
drive of the Level Recorder 
is readily obtained. 

























































The instruments con- 
tained in the A. F. Re- 
sponse and Spec- 
trum Recorder can 
be used separa- 
tely or together 
in different 
combinations. 
















Write or 
phone for 


foamy A. RESPONSE 
and SPECTRUM 
RECORDER 


i smd =) - 
| 









3320 





Bruel & Kjer 


20 Adr.: NARUM, DENMARK - Teleph.: NAERUM 800500 - Cable: BRUKJA, COPENHAGEN 
" SALES AND SERVICE: B & K Laboratories, 4 TILNEY STREET, PARK LANE, W.! 
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SILICON h.t. power 
rectifier type FST1/4 
for television 
receivers 





The FST1/4 Silicon Power 
Diode has been specially 
designed for domestic tele- 
vision receiver H.T. power 
supplies and is of particular 
interest tocircuit designers 
planning receivers with 110° 
scanning, 625 line receivers 
and colour television re- 
ceivers. Two diodes may be 
used in series to provide 
capacitor smoothed H.T., 
direct from 250 volts A.C. 
mains. 

SenTerCel FST1/4 silicon 
rectifiersare miniature wire 
ended devices which can be 
speedily mounted to tag 
panels, no heat sink being 
required. Typical perform- 
ance curves and design 
procedure are included in 
leaflet MF/109. 






Actual Size 








400 VOLTS (P.I.V.) 500 mA UP TO 50°C 














Important advantages of the FST1/4 silicon rectifiers are:— 


@ LARGE POWER OUTPUT FOR SMALL SIZE @ 35 AMPS SURGE CURRENT RATING 
@ HIGH AMBIENT TEMPERATURE OPERATION @ NO HEAT SINK REQUIRED 

@ HIGH OUTPUT VOLTAGE @ NO FORWARD AGEING 
@ HIGH EFFICIENCY @ LOW CUST 





Standard Telephones and Cables Limited 


Registered Office: Connaught House, Aldwych, London, W.C.2 





RECTIFIER DIVISION: EDINBURGH WAY -: HARLOW = ESSEX 
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PARAMETER MEASUREMENT 


is easy with 


Full details of this and of 
our wide range of electrical 
and electronic equipment on 
request 





») 


temec 


TRANSISTOR 
TEST SET 
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Transistor Tester tec 23 


@ Comprehensive Measuring facilities 
@ No external equipment required - entirely self contained 
@ Mains operated 


The Transistor Tester Type 236 is a general purpose instrument 
designed to measure the small signal, low frequency parameters 

of P-N-P transistors of either junction or point type over a wide 
range of operating conditions. The instrument is entirely mains 
operated and enables static tests to be made up to a current of 40 mA 
with a maximum collector voltage of 80 volts. In addition the following 
small signal parameters are measured directly by a bridge system 

420 c/s:— 


Tip To9 Tout a a F r ‘s Vs 


A bridge oscillator and detector is incorporated in the instrument 
and facilities are provided for an external oscilloscope to be 
connected to detect distortion and check the linearity of the small 
signal measurements, or telephones may be used for aural null 
detection of bridge balance. 


AIRMEC LIMITED, HIGH WYCOMBE, BUCKS Telephone: High Wycombe 2060 


7 ELECTRONIC ENGINEERING 





EE 12010 for further details 


\D A, | 
..and now the R.4 ' 








4h 


-for piercing 


ae | through Templates / 
WIEDEMANN 


Turret Punch Press 


Piercing through templates, this new Wiedemann model 
gives faster than ever piercing on longer runs. Templates 
are fully protected—the press cannot trip until the 
punch has fully entered the template opening. Rack or 
standard gauges are available if required. 


Punching Pressure ..._ ... 30,000 Ib. 
Throat depth 28” ..._ 1 HP. Motor 
16, 18 or 20 turret stations 








(LE 





There’s a Wiedemann Turret Punch Press for every 
short and medium run piercing job. Hand or power — 
15,000 to 160,000 Ib. punching pressure. 











Write for the 
new Wiedemann 
Brochure. 





DOWDING & DOLL LTD 


346 KENSINGTON HIGH STREET, LONDON, W.14 
Telephone: WESTERN 8077 (8 lines) Telegrams :: ACCURATOOL HAMMER LONDON 





143 
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“BUILD-IT-YOURSELF” ELECTRONIC KITS 


| Heathkit ) FOR THE LABORATORY, WORKSHOP AND HOME ARE YOUR BEST WAY TO 


SAVE TIME AND MONEY! 
HERE ARE FIVE NEW MODELS.... 





USP-! 
AG-9U AW-1U AV-3U 





HI-Fi STEREO BOOSTER. Model USP-I. Enables low-output pick-ups (e.g. Decca ffss), tape heads 
and microphones to load fully amplifiers of medium sensitivity ...............scccceceeceeeceeecesese £5. . + 


RESISTANCE/CAPACITANCE BRIDGE. Model C-3U. Measures Capacitance l0pf (0.0000! .F) to 
1000uF; Power Factor; Resistance, 100 Ohms to 5 Megohms, and indicates leakage ............ £7. ik & 


AUDIO SIGNAL GENERATOR. Model AG-9U. 10 c/s to 100 Kc/s Sine-wave output, 10 volts 
down to 3 mV. f.s.d. Less than 0.1% distn. Decade frequency selection. DB ranges, —60 +22.€19, 3. 0, 





WIDE-BAND AUDIO WATTMETER. Model ag Ideal for audio power measurements, 
. c/s to 250 Kc/s; 25 W. continuous 50 W. inter Switch ductive int. or ext. load. 
1% multipliers. 200A meter calibrated in Watts and Decibels. 10 c/s to 250 Ke/s. coccesoe. a a 


WIDE BAND AUDIO VALVE-MILLIVOLTMETER. Model AV-3U. This sensitive and highly 
vac gag quickly measures AC mains, ripple and heater voltages, audio input/output, fiz. "86 
an Disdasevccckasdincdseodsnabaihainepeesddarapinnineeape eben iadibeaicetanspnh lai ainersiinnniniveamsila . 





HI-Fl 6 WATT LOW-PRICE STEREO AMPLIFIER. Model S-33. Good Stereo/Mono. at normal 
volume for average room. U/L output; 0.3% distortion at 2.5 W/Chnl.; ganged controls; . y 4 
GOI hn dakcpasncastcctacniseriecisncneseetsbolnscilenig beim aa pips cia dee atte eeialantabbianwetil ;— 


HI-Fl 16 WATT STEREO AMPLIFIER. Model S-88. Superb quality for the man who wants the best. 
0.1% distn. at 6 W/Chni.; U/L push-pull output; ganged controls; push-button selection...€25, 5. 6, 





Come and inspect the Heathkit range of models at 
THE RADIO SHOW, STAND 122 
“D X-40U Be sure to see the OSCILLOSCOPE TRACE DOUBLER, Model S-3U (now 
available at £9.18.6) which will extend your single-beam oscilloscope 
to double-beam uses. 




















‘HAM’ TRANSMITTER. Model DX-40U. Covers all Amateur bands, 80 to 10 metres. 40 Watts to 
Aerial. Provision for VFO. Power input 75 Watts CW, 60 W.pk. controlled carrier phone £29, 10. 0. 


HI-Fl SPEAKER SYSTEM. Model SSU-I. Ideal for Stereo in average room where both price and 
size must be kept at minimum consistent with a good performance. Frequency range, 40-16000 c/s. 
Ductive reflex cabinet (‘‘in the white’’). Twin speakers. Variable control to balance bass/treble relative 
levels. Built in an evening. (Legs £1. 7. 0. @xtra)..........ccccccceccscsecseceeceeeseeseeeeenecsecesees . 5s. 6. 





5” FLAT-SCREEN OSCILLOSCOPE. Model 0-12U. A splendid general purpose ‘scope. ‘Y’ range 
3 c/s to over 5 Mc/s, sensitivity |OmV/cm at | Ke. ‘X’ range | c/s to over 400 Kc/s. Time-Base 10 c/s to 
over 500 Kc/s. Electronically stabilised. Printed-circuit boards. ............sccesecercceceececeeecee £34. 15. 0. 


WIDE-RANGE VALVE VOLTMETER,. Model V-7A. The world’s most popular VVM. Measures 
AC and DC Volts, Decibels and Resistance. Input impedance |! Megohms. Printed-circuit....€]3, 0. 0. 


VARIABLE FREQUENCY OSCILLATOR. Model VF-I1U. Gives maximum flexibility to ‘Ham’ 
— (e.g. Heathkit DX-40U) and avoids crystals’ expense. Covers whole ‘Ham’ Bands (160 to 
CUGSPER) cicvesccccecossascnscssvcesscecdoceccescocessséecceccosecevecscsueepeses sce nesvesscogsecesesconescocoesesced 4 " 








JUNIOR TRANSISTOR RADIO. Model UJR-I. Sensitive, selective, dual-wave. A grand present 
GP GEIIID. cesccs cocscnnescceesssocecoenscesiocsevnonseosensees eustensteseoseoncscabensenpebodeesénenbocsess coneii £2. 6. . 


UXR-I 


ALL-TRANSISTOR PORTABLE RADIO. Model UXR-I. Elegantly styled in solid leather case, 
dual-wave, 6 transistors, large ferrite rod aerial, fine performer—including in a car. Excellent tone. 
Universally admired. Built in 4-6 hours.  ....0...0cccrcocccccccccccccccccccecccccssccccccccccccccssccscsces £16. 18. 6. 


* OE TT TT MA SS ee 


FREE ON REQUEST! 


WITHOUT OBLIGATION, please send me (Tick Here 


HEATHKIT ILLUSTRATED CATALOGUE ..................... 
PULL DETAILS OF MODEL (B) ............cccccccccccosccccccesees 
Kindly write in BLOCK CAPITALS 








EXECUTIVE ENGINEERS: 


Your instruments’ appropriation will 
buy so much more if you invest in 
Heathkit ‘Build-it-yourself’ Kits. The 
top-quality components, as well as 
the fine performance and appearance 
of the finished instr ts will fully 




















satisfy you. Your juniors can assemble DUNNE, sec ssiccoussexseGidhcdiviiosstaphengabptiaciinchneiacnexepls Cadccaabosssecd Nieessiedliie 

them very quickly and learn as they 
—  - “ct cree ‘gm pete "Qi +, |) 0° 2 ebvosenensnttigenemsensspdgbebtbedibebiocsaequpdsgiigedencimecchehpdndgieanbadscnesbashanndan 
IE Sittichvnsinsncsiiniiceaninadounesqindanetatien cetdenduttecetiuillanel tdaddingdesebeterambmeatcaan 


WHY NOT INVESTIGATE, NOW? 





DAYSTROM LTD., ctoucesten, 


A member of the Daystrom Group, manufacturers of 
THE FINEST AND LARGEST-SELLING ELECTRONIC KITS IN THE WORLD 


All prices include 
freé delivery in the U.K. and any P.T. 





DEFERRED TERMS AVAILABLE 
for models over £10 


Se Ree ee eee eee meee 
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Now. THORN PYGMY POWER RELAY 


* New interchangeable relay designed for use in remotely controlled 
automation units. Has double pole changeover contacts. 











‘* Dust proof—transparent plastic cover. 


* Plugs into any standard International 
octal valve base. 


* Weight only 4% ozs.... 
projection only 2’ above base. 


* Mechanical fife over Ky 
10,000,000 operations. Vp 4 


+ Robust construction. (<> 


Switching current: 5 amps 
maximum at 250 volts AC. 


Maximum surge current: 
10 amps. 


Operate time: 
8 milliseconds approx. 


Release time: 
6 milliseconds approx. 







Actual size 


Overall dimensions: 


gu 


13” square by 23 


Coil voltage: 240 volts standard; also available for 
6, 12, 24, 48, 60, 110 volts 





& Ss : ‘ ; Se yy? 


The Thorn Pygmy Power Relay—the most economically priced relay of its type 


AIRCRAFT COMPONENTS AND CONNECTOR DIVISION 
Thorn Electrical Industries Ltd. 
Great Cambridge Road, Enfield, Middlesex. T, elephone : ENField 5353. 
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flexible 

kilowatts | 

by a flexible 

organisation 
| | 
| 
| | 
| 
| 
| | 
The transformer illustrated was our solution to the problem of a 
customer who had a medley of widely varying loads to cater for. It 
is an auto transformer for input 240v 50 c/s tapped every 5v— 

‘ windings capable of carrying 30A. 


Our organisation is sufficiently flexible to be able to deal with ‘one- 
off’ transformers of this complexity, with the same dispatch as 
normal production types. 


Customers can confidently expect service and satisfaction from 









THE LITTLE FACTORY 
WITH THE BIG REPUTATION 


re 


All enquiries to be sent to the Company direct. 
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SAVAGE TRANSFORMERS LIMITED 
NURSTEED ROAD, DEVIZES, WILTS 






Tei: Devizes 932 
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Which of these could solve your problem? 


Newmarket Transistors Limited have added the 


following transistors to their range: 


The new Noodle Transistor 
(V15/I5NP V15/30NP V30/15NP V30/30NP) 
Amplifies at 10 amps. 

No fixing screw problems. 


Cold welded case for increased reliability. 
. Higher frequency operation. 


YEWN 


VHF Drift Transistor 


(V15/20 OR) 

. Oscillates up to 100 M/Cs. 
2. Amplifies up to 20 M/Cs. 
3. Jedec 30 case. 

4. Higher operating voltage. 


I 





American diamond construction interchangeability. 





Fast Switching Transistor 
(V10/1S V10/2S) 


I. 


YhwW N 





Phenomenal peak current performance—will 
switch I ampere at I amp peak. 

Fifty Milli-microseconds risetime. 

20V collector rating. 

British standard cylindrical construction. 
Cold welded case for increased reliability. 


Send for data sheets of these 
transistors. Ask also for copy 
of our booklet “‘Semiconduc- 
tor Device Data” if you do 
not already have one. 


Newmarket Transistors Ltd 


| ANSISTOR EXNING ROAD, NEWMARKET, SUFFOLK 
Tel: Newmarket 3381/4. Cables: Semicon Newmarket 
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Materials 








“—™—~ 


TYPICAL PROPERTIES OF COLD-CURE SILASTOMER 


Tensile strength Ib./sq. in 450 
Electric strength, on 10 mil sample, } in. electrodes 

at 20°C instantaneous value, V/mil 400 
Permittivity at 1 Mc/s 3-20 
Power Factor, at 1 Mc/s 0-006 








Volume Resistivity ohm. cm. 500 Volts d.c. 1-5x10** 


Write for a sample -—on your company letterhead please 
-of either Cold-Cure Silastomer 9160 or 9161. The 
former has a spreadable consistency and the latter is 
suitable for dipping. Silicone Notes K 28 is also avail- 
able listing the properties and applications. 


ww us 108s 
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Cold-Cure Siuauner 





This metal rectifier and audio output 
transformer have been encapsulated 
using Cold-Cure Silastomer which 
provides a waterproof, resilient 
covering for long-term use at tem- 
peratures up to 200°C. 


COLD-CURE SILASTOMER SILICONE RUBBER 


- Needs no heat to cure it. The addition of a catalyst is all that is required to cure at 
room temperature. The curing time may be varied from a few minutes to several hours 
according to the proportion of catalyst added. 

- Possesses the excellent dielectric properties, heat endurance and high thermal 
conductivity associated with silicone rubbers. The material retains its resilience at both 
high and low temperatures and has excellent resistance to weathering and oxidation. 
- Opens up new fields for designers. It can be used by unskilled operators to fill voids 
round lead wires of coils and motors, for impregnating coils, and for other similar 
sealing or potting applications. It is also used for making flexible moulds in which 
epoxide resins are cast. 


% SILASTOMER IS A REGISTERED TRADE MARK OF MIDLAND SILICONES LTD 


MIDLAND SILICONES 


oe ee) 
(Associated with Albright & Wilson Ltd., and Dow Corning Corporation) 


first in British Silicones 


68 KNIGHTSBRIDGE - LONDON * SWI * KNIGHTSBRIDGE 7801 
Area Sales Offices: Birmingham, Glasgow, Leeds, London, Manchester Agents in many countries 
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READ DIRECTLY 


Luua 


Luv 


10 times previous accuracy, drift less than 





+2pv, noise less than 0.2pv! 
New 425A microvolt-Ammeter 










Now make these difficult measurements quickly, easily 


Engineering—minute dc potentials, difference voltages, nulls; resistances from 
milliohms to 10 megmegohms (with external dc source). Also use with 
Esterline-Angus, other recorders 






Physics, Chemistry—grid, photomultiplier circuits, vacuum ion levels, thermo- 
couple potentials, voltzic currents in chemicals 





Medicine, Biology—voltages in living cells, plants, seeds, nerve voltages 






SPECIFICATIONS 


MICROVOLT-AMPLIFIER 


Use of a photoelectric chopper instead of a mechanical 
a Voltages: Pos. and neg. 10 pv to | v full scale- 














vibrator, insuring low noise and drift. Protection against Il ranges, 1-3-10 sequence. 
1,000 volt momentary overloads. New probe minimizing “Tas ae ee. 
thermocouple and triboelectric effects. Heavy ac filtering. Input Impedance: | megohm on voltage ranges, 
| megohm to 0.33 ohms on current ranges. 
Accuracy: + 3% full scale. 
Above are but a few of the reasons why the new -hp- 425A AMPLIFIGR: 
does the work of complex equipment arrays faster, more Frequency Range: dc to 0.2 cps 


Gain: 100,000 maximum 
Output: 0 to | v, adjustable 
Output Impedance: 1!0 ohms, !,000 shunt 


simply and with 10 times previous accuracy. 


In addition to extremely small voltages and currents, Model 
425A measures resistances from milliohms to 10 meg- 
megohms, in conjunction with an external constant current. 


Get complete details today from:— HEWLETT-PACKARD CO. 
Represented by 


LIVINGSTON LABORATORIES LIMITED 


RETCAR STREET - LONDON - NI9 
Telephone: ARChway 6251 


Data subject to change without notice 
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maximum performance  ... 


... Minimum space 


ty 


Vactric high precision reduction gearheads are ex- 
cellent examples of modern engineering in miniature. 
Manufactured from highest grade materials and 
machined to very close limits to reduce friction and 
wear to a minimum. Fitted with stainless steel bear- 
ings throughout the gearheads have very low inertia 
and backlash and high running torques relative to 
size of unit. 


~~. 
eae a 


Rr, oe 
Rho 


‘i, 


with Ball Bearing ‘In-Line’ Gearheads 


Available in a range of standard ratios, Vactric 
gearheads can be coupled directly to International 
Frame size D.C. or A.C. driving motors (sizes shown in 
table below) providing a compact ‘in-line’ assembly. Size 11 Gearhead Coupled 
By using two units in cascade reductions up to to Size 11 A.C. Servo Motor 
1,000,000: 1 can be obtained. 


Standard Ratios , 20, 40, 10, 20, 24, 40, 80,} 10, 20, 40, 
“sa fon. 08 100, 150, 300, 150, 300 a 
600 & 1000: 1 600 & 1000: 1 600: 1 








Driving Motor Size. 7,08 &10 07,08,10 & 11 07,08,10 & 11 














SIZE 10 SIZE 11 SIZE 15 



































Gearhead outlines actual size 


All sizes can be supplied as Speed Reducers where 
gear reductions are required other than directly from 
a motor drive. In this form,-an additional input 
shaft on precision ball bearings is supplied mount- 


ed in an adaptor housing. 


Vactric (Control Equipment) Limited 


Vactric House, Sloane Street, London, S.W.1 Telephone’ Sloane 9656 


WRP 2366 
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If you need to 
connect, 
protect, control, 
or filter... 





always prepared to ‘make to measure’. 


66 K Hi L 99 does not provide for your particular requirements, we are 
eee e ing- ee 


We are specialists in components. This is no empty phrase: 
com po nents it means that we have been engaged in the design and 

* manufacture of precision-made components for some 

p r ovide the answe r thirty-five years, and at Enfield we devote a very great deal 
of our time and space to research, forever seeking new and 
better methods of production, whilst ensuring that every 
component maintains our high standard of performance. 


wosced Bone. sae pare mee 345 LLI ae G + L E E LI D 
covered by patents or registered 


designs or applications. GREAT CAMBRIDGE ROAD, ENFIELD, MIDDX., ENGLAND 


We make millions of components in a most comprehensive range 
of types and sizes. Where our range —extensive as it is — 





Telephone: Enfield 3322 - Telegrams: Radiobel, Enfield 
& SOCKETS - THERMAL DEVICES 
E E 


TERMINALS - PLUGS 
Regd. FUSES - INTERFERENC FILTERS - RECEIVING AERIALS 
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No. 760. 3 doz. As- 
sorted Light Com- 
pression Springs. 1” 









No. 98A. 3 doz. As- 


to 4” long, 22 to 18 sorted 1” to 4” long, 
S.W.G., ee ee 3” to 2?” diam., 19G 
diam. 6/6 each. to 15G. 5/6 each. 











No. 757. Extra Light No. 388. 4 gross As- 
Compression, 1 gross sorted Small Expan- 
Assorted, 4” to %” diam. sion Springs. }?” to 
4” to 24” long, 27 to 19 14’, 18G to 21G. 

S.W.G. 15/- each. 9/6 each. 











No. 466. 4 gross As- 


No. 758. Fine Expan- sorted Small Expan- 


sion Springs. 1 gross sion Springs #” to 13” 
Assorted }” to #” diam. long, 3/32” to 3/16” 
4” 10 2” long, 27 to 20 diam., 21G to 24G. 
S.W.G. 15/- each, 6/6 each. 














No. 1024. 20 Compression Springs 
12” long. }” to }” diam., 24G to 18G, 
suitable for cutting into shorter lengths ; 
and 30 Expansion 14” to 12” long, 
5/32” to §” diam., 22G to 16G. 

24/- each. 








Cut production costs with Terry Wire 
CIRCLIPS (Square Section) 


We can supply from stock in sizes from }” to }”. 
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“If only [had an 18G 7 
expansion spring!” 


En 
TGs 


There he is—stuck for a vital spring, the job 







hung up, all because he can’t put his hand 
on the very thing needed to finish it. 

Don’t be caught out like this—make 
practical use of TERRY’S BOXES OF 
ASSORTED SPRINGS where you'll find 
the exact spring you need for a thousand 
and one propositions. These handy boxes 
hold a wonderful variety of springs of every 
kind—compression, expansion, heavy, 
light, long, short, in the gauge you want 
—just when you want it. 

Why not let us send you our fully illustrated 
list of BOXES post free? 


HERBERT TERRY & SONS LTD 


Redditch, Worcs. 


(Makers of Quality Springs, Wireforms and Presswork 
for over 100 years) 


Have you a Presswork | Interested Springs? Ninth 
problem? If so let us have it Edition of “Spring Design & 
and we’ll help to solve it Calculations” — post free 12/6 
for you. 





H.T.27 
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. the 
. pight 
contact 


The right contact is most important. It is the 
difference between success and failure. The 
striking success of the‘‘Thessco’’and “‘Thess- 
conite” range of electrical contact materials 
and assemblies is based on long experience. 


Our latest catalogue gives details of the com- 
prehensive range of contactswe manufacture. 


Make the right contact now; ask our technical 
representative to call. 


HEFFIELD SMELTING 


Company Limited 


HEAD OFFICE AND WORKS: ROYDS MILL STREET, SHEFFIELD 4 
ALSO AT LONDON AND BIRMINGHAM 
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j 


specialised tubes 


| | 


E.M.I. Electronics Ltd. manufactures, to the 
highest standards of accuracy and reliability, 
specialised tubes and valves for industrial 
and research purposes. The range includes 
Photomultiplier tubes, Klystrons, Magnetrons, 
tad Gatinede Man tobia. teloctal E.M.I. ELECTRONICS LTD. 
special Cathode y tubes, television camera vaion elven 
tubes and storage tubes. HAYES, MIDDLESEX. TEL: SOUTHALL 2468 


EE.27 
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WiLL, 


The logical advance in Mitel! 





OLD WAY 


This fluid seal involved 
internal threading of 
the tube, which was 
sealed with an expen- 
sive cap-nut. The 
assembly was laborious 
and spanners were 
needed. 















YZ 


CIRCLIP 
FITTED IN 
' GROOVE 









CLL 





THE SALTER WAY 


The tube is recessed 
and then simply 
grooved with the 
SALTER Grooving Tool. 
A Circlip is snapped 
into position and 
secures the fluid retain- 
ing plate with positive, 
vibration-free locking. 
When necessary the 
Circlip can be removed 
quickly and easily. 








save material-reduce assembly time 








) circips €> Fasteners ( } Retainers 


Geo. Salter & Co. Ltd., West Bromwich - Spring Specialists since 1760 
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When it’s a question of assembling components machining operations. A large standard range is 
in any engineering field, Salter Retainers are the at your immediate disposal, and we should 
answer. They replace nuts and bolts, screws, welcome the opportunity to assist in developing 
cotter pins, and eliminate expensive threading and special retainers to solve your problems. 








NEATER —- MORE POSITIVE — PERMANENT RETAINING 


Send for the Salter Retainer 
catalogue — no designer is 
complete without it. re 











Mw .44e 
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It takes more than one good catch to make a fisherman 


...andit takes more than one success to make a business. 
While we won’t go through a full list of our successes in 

the past (let’s just say that several very well known 

concerns are our regular customers), if long experience in the 
highest quality precision moulding is what 

you’re looking for, plus the capacity to turn outajob 

bang on time, contact: 





Metropolitan Plastics Ltd 


Py tine 


g a ee : ' 
Specialists in thermo-setting plastics 


caste 





a Glenville Grove, Deptford, London SE8 
Telephone: Tiweway 1172 
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the simultaneous 
dual-channel recorder 


Advances in magnetic tape recording—particularly in 
the use of twin staggered heads—have aroused 
considerable interest among many of those engaged in 
medical, physical, aeronautical and other branches 
ot scientific research. The Ferrograph Series 3C/FN, , ; 
illustrated here, has been specially developed as 
the result of close co-operation with research 
workers in many industrial fields, not only 

in this country but in laboratories throughout the 
world. Besides its normal ability to record and 
playback time pulses on one track and intelligence on the 
other, there are many additional applications when 
comparative measurements, stereophonic sound, or indeed, 
any two activities capable of being translated into electrical 
phenomena (within its frequency and phase shift 

limitations) can be recorded simultaneously for future study 




















Model 
3C/FN 











Full specification of Model 3¢/FN — 


which is not for domestic use—available 


and application. Experience has shown that the on application. Illustrated leaflet 
scope of such an instrument when used for Research purposes GA767, describing all other Ferrograph 
is almost unlimited. Tape Recorders, will be sent on request. 


The Incomparable Merrograph 


BRITISH FERROGRAPH RECORDER CO. LTD - 13! Sloane Street - London, S.W.I - Telephone: SLOane 2214/5 & 1510 
(A subsidiary of The Ferrograph Company Ltd.) 
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rown Copyright reserved, reproduced by permission of the Controller, H.M. Stationery Office. 


GETTING BLOODHOUND | 


For the launching gear of the Bristol/Ferranti 
Bloodhound a 15” diameter high pressure axial 
cooling fan was developed specially by Air 
Control Installations Ltd. 

Once again Air Control products have proved 
that they measure up to the most stringent 
specifications. And it is reassuring to know 
that a firm like Air Control make cooling fans 
for every electronic’s application, 

May we send you full details of the complete 
range (from which many models are available 
from stock)? 


AIR CONTROL 


RUISLIP - MIDDLESEX - RUISLIP 4066 
LONDON - BIRMINGHAM - MANCHESTER NEWCASTLE - GLASGOW 





FILTERS 8) 


AIR CONDITIONERS FANS 


Ww) CPC EC TRS 


> 


Q < 


ia: 


FI & 


FANS 
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Model Model 
LTE-12-50 LTE-12-15 


The fast response time and ability to maintain a stable, 


| 


pre-set output voltage despite 100% rated load 


J 


variations make these ‘* Nobatron’’ D.C. Regulators 


suitable for many industrial applications. 


Special D.C. Regulators, with outputs ranging 
from 6 volts up to 1.5 kV at power ratings up 
to 45 kVA, can be supplied to meet your 


particular requirements. 


VALAELEE 


TELL 
; 


Model 
LTE-6/30-2 











A | Tr J. LANGHAM THOMPSON LTD. 
GROUP BUSHEY HEATH - HERTS - ENGLAND 


Telephone : BUShey Heath 2411 - Grams & Cables : ‘ Tommy Watford’ 
AD/S!7 
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Hermetic Sealing 


STEATITE & PORCELAIN 
NICKEL METALLISING 


Quality Approved (Joint Service R.C.S.C.) 
WILL MEET THE MOST EXACTING REQUIREMENTS 


Perfect Terminations 


—made readily without special precautions by 
semi-skilled labour, employing simple hand 
soldering methods, R.F. Heating, 
Hot Plate, Tunnel Oven or similar 
mass production methods 





STANDARD RANGE 
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METALLISED 
BUSHES 








Shouldered, Tubular, Conical, Disc 
and multi seals are included, assembled 
with stems if preferred. 

SEND FOR CATALOGUE No. 47 


TECHNICAL SERVICE 


Always available, do not hesitate to 
consult us. Samples for test will be 
supplied on request. 


STEATITE & PORCELAIN PRODUCTS LTD. 


STOURPORT ON SEVERN, WORCS. __ Telephone: Stourport 2271. Telegrams: Steatain, Stourport 





eee 
SP 100 
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electronic brain 





a I What the well-dressed 
































is wearing! 


Nowadays you'll find that more and more 
electronic apparatus is being clothed in 

the smart efficiency of Hassett & Harper 
cabinets. Tailor-made to individual requirements 
or ‘off the peg’ in a wonderful range of 
component—flattering designs! 


Discerning electronic brains, fashion-conscious 
computers, in fact electronic equipment of all 
kinds, look better—are more easily operated in 
Hassett & Harper racks and cabinets. 


Why not ask us for more details? 


Appearances count even in electronics. “‘If it 
looks right, it is right’’, they say—and that’s 
certainly true in our case. 


SS 
























































Hasselt é = Lid 


REGENT PLACE - BIRMINGHAM 1 - TEL: CENTRAL 6418 


LONDON SHOWROOM: 


I GREAT CUMBERLAND PLACE, LONDON W.I. TELEPHONE: PADDINGTON 4691 
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CORONA 
STABILIZERS 
350V to 7KV 


AUGUST 1959 
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iiat= 
Simplest way 
SitslOllipas 
voltage... 


VALVE VOLTAGE RANGE STANDARD VOLTAGE 





350, 400, 600, 800, 1000 
1200, 1400; 1600, 1800, 2006 876 


2500, 3000, 3500, 4000 BSA 


sci 350-2000V 





$c2 2000-4500V 





sc4 4500-7000V 5000, 6000, 7000 B9A 





350-400V 350, 400 (Low current) 4+ Flynt leads 





Minimum currents range from 5,,A to 50,,A, 
maximum currents range from 50,,A to 2mA, according to type. 





Please write for further information to— 
The M-O Valve Co. Ltd., Brook Green, Hammersmith, London, W.6 
Makers of G.E.C. high grade radio valves and cathode ray tubes 
A subsidiary of The General Electric Co. Ltd. 
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DONOVAN 





A.C. POWER RELAYS 
WITH 2, 4, OR § POLES 


Any pole can be supplied “‘Normally-open”’ 
or ‘“Normally-closed’’; double-break main 
contacts rated at 10 amps. 550-volts max- 
imum. One or two walters ‘Miatuapdieie 
contacts can be added in addition to main 
poles. Tractive coils available—6 to 550- 
volts A.C. 

The ies when open style, is supplied with 
back fixing plate suitable for mounting on 


insulation or steel panels, or in metal cases. 








| @ 2-pole Open Style 
Relay with two 
changeover coil 
circuit contacts. 











@ &pole Open Style Relay with 
one changeover coil circuit 


* _ * contact. 





@ 4-pole Enclosed Relay. 





| 


THE DONOVAN ELECTRICAL CO. LTD. 
78-82 GRANVILLE STREET - BIRMINGHAM | 


LONDON DEPOT: 149-151 YORK WAY, N.7 


GLASGOW DEPOT: 22 PITT STREET, C.2 


Sales Engineers available in LONDON, BIRMINGHAM, MANCHESTER, GLASGOW 
BELFAST, BOURNEMOUTH 
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The new 231 R Computer N E W 


can hold up to 100 
amplifiers and other 9 PAC FE 55 
related non-linear equip- 


ment. New removable patch 


20 
q : 
7 CRI ARRIETA Be 








Dataplotter 1133 A, 131 R Analog Computer 


Electronic Associates, Inc. has been the world’s 
leading producer of Analog Computers and Plotting 
Equipment or over 5 years. For further information 
on their PACE Equipment the European Sales Office 
and Computation Center at Brussels is ready toassist 


European Industry 


panel greatly speeds AN A ae G 
programming. Optional 
items include digital 


wemermmememm §COMPUTER 


input-output system) 


231 KR... 


-.. with highest precision : 0,01 o/o 





Eight Channel Rectilinear Variplotter 1100-D. 
Recorder 1902-D. 





Rental facilities at European Computation Center in Brussels. 
Electronic Associates Application engineers are available to 
assist clients with their problems. 










PRODUCERS OF 





ees N N : 3 
ISPS A;C;E;” 
; N : > : 


ANALOG COMPUTERS ~ 
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ELECTRONIC ASSOCIATES, INC. 


EUROPEAN SALES OFFICE AND COMPUTATION CENTER 
43, rue de la Science - Brussels - Belgium - Tel. 11.43.69 
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wllers CERAMICS 


FOR INDUSTRY 











High quality material and 
dimensional precision are 
attributes of Bullers die- 
pressed products. 

Prompt delivery at com- 
petitive prices. 


We specialise in the manufacture of 


PORCELAIN 


for general insulation 


REFRACTORIES 


for high-temperature insulation 
FREQUELEX 
for high-frequency insulation 


PERMALEX & TEMPLEX 


for capacitors ‘ie 






































<< 


— 7 BULLERS LIMITED 





















































—— MILTON - STOKE-ON-TRENT - STAFFS 























4 Phone: Stoke-on-Trent 5432! (5 lines) - Telegrams & Cables: Buliers, Stoke-on-Trent 
~4 Ironworks : TIPTON, STAFFS London Office: 6 LAURENCE POUNTNEY HILL, E.C.4 
~~ Phone: Tipton 169! Phone: MANsion House 9971 <— 
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PEELE 



















outstanding 


RELAYS 


These relays are 
available for early delivery 
your enquiries are welcomed 


be 
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Comb Relay 


This is our latest development in relays and will give 100 
million operations without the need for readjustment. 
Long life and reliability have led to its adoption by the 
British Post Office for use where continuous pulsing is 
required. A wide range of contact combinations is 
available with a maximum of 10 make or 10 break actions. 
It is suitable for switching light currents at 250v. 











\\ 
— 
\\X 


\ 





High Speed 
Relay 
Originally developed 
for use in fast tele- 
phone switching 
circuits, this high speed relay is of great value 
in automation systems. It can effect a single 
changeover action in as little as 1.5  milli- 
seconds. A high speed relay is also available 
with two changeover actions. 












B.P.O. 3000 
Type 

Now so widely known 
and used all over the 
world, this versatile general purpose 
relay was designed by us in the 
early thirties for the British Post 
Office. Many millions are now in 
use in both telephone and industrial 
applications. It is available in an 
extremely wide range of coil resist- 
ances and spring set combinations 
for practically all normal voltages 
and frequencies. 


{"] MERA eg 


EDIswAN 


“intial 





P.D.7/1 
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SIEMENS EDISON SWAN LTD 
An A.E.I. Company 

Telecommunications Division P.D.7, 
Woolwich, London, SEI8 

Telephone: Woolwich 2020 Extn. 621 
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Instruments Limited 
waveguide bridges 
klystron power units 
student teaching equipment 
dielectric (Radome) testers 
the Polyrac instrument case 
electron spin resonance components 
‘specials’ to your requirements 
power load calorimeters 
precision attenuators 
transistor amplifiers 
grade 1 instruments 


ferrite isolators 


Note our only address: REGD. TRADE MARK 
WEST CHIRTON INDUSTRIAL ESTATE, NORTH SHIELDS, NORTHUMBERLAND 
We invite you to write for our complete catalogue. Telephone: N. SHIELDS 3606/7 
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DIGITAL VOLTMETERS 





@ Decimal in-line display. 

@ All electronic — new counting tube. 

@ i0°05% and 101% accuracy. 

@ 13 milliseconds or 103 milliseconds 
conversion time. 3 read-outs per second. 

@ Automatic range and sign selection with 


indication. 
@ 500 Kilohms minimum input impedance. 


@ Integral in-line printer drive. 


These all electronic digital voltmeters, using an entirely new counting tube, have 
been designed for application in fields requiring accurate measurements of D.C. 
voltages. These include computer inputs and outputs, reference supply measure- 
ments, strain gauge measurements, production testing of electronic and electrical 
components and industrial process control, (e.g., analogue-to-digital conversion). 


BLACKBURN ELECTRONICS LIMITED 





auses nasa 


The new Detum catalogue 












DATUM — the first name 
in electronic housing 
equipment — have 
produced a fully 
comprehensive 
catalogue covering 
their range of 
Instrument Racks, 
Cases, Consoles and 
Chassis. Send to-day 
for your copy 
of this NEW 
catalogue. 





DATUM METAL PRODUCTS LTD 


Universal Sloping Front 
Instrument Case. 
Type 7U-4. 





Combination 
Console. 
Consisting of 

a standard 3” 
Instrument Rack 
with two 7U-4 
Cases. 





Instrument Racks 
are available in 
single or multi-bay 
form with a choice 
of 5 heights and 


re —— 3 depths. 
—— 





A member of the 











AUGUST 


1959 (c) 


COLNE WAY TRADING ESTATE, WATFORD-BY-PASS, WATFORD, HERTS. 


GROUP 


Telephone: Watford 26566. Telegrams: Datum, Watford. 
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Voltage Amplifiers 











for TV and VHF distribution systems. 


requiring a wide band voltage amplifier. 
Voltage gain: 20dB at 60 Mc/s. 

Bandwidth: better than 40 Mc/s—220 Mc/s. 
Output voltage: 3V pk-pk max. 





MODEL 1440 PRE-AMPLIFIER 


This instrument is a directly coupled pre-amplifier of 
high stability which has been designed for use in 
cascade with a further amplifier or with a recording 
device. 

Frequency response: d.c. : O—S0kc/s, a.c. : 5c/s—SOkc/s. 
Gain: continuously variable 10-55 (d.c.), 165 (a.c.) 
Input: balanced or unbalanced, impedance 11.2MQ 
(grid-grid.) 

Output: balanced or unbalanced, impedance 2000Q 
(output 1—output 2). 

Output voltage: 5V pk-pk max. (output 1—output 2). 
Calibration signal: ImV or 10mV. 


MODEL 1439 WIDE-BAND AMPLIFIER 





The Amplifier is designed to provide simultaneous 
distribution of signals anywhere in Bands I, II and III, 
enabling a common aerial to be used for a number of 
television or VHF radio receivers or other applications 











Input and output impedance : 72Q (matched coaxial). 













MODEL 1442 LABORATORY 
HIGH-GAIN AMPLIFIER 


Model 1442 has been designed for use in the Labora- 
tory and is suitable for voltage amplification in the 
low frequency ranges. It can be used for special 
applications in Industry, Nuclear Physics Labora- 
tories, neuro- and myo-graphic investigations and 
similar purposes. 

Frequency response: Sc/s—Skc/s (gain 10+ and 10°) 
25c/s—3kc/s (gain 10°). 

Gain: 10® Max. Switched and variable controls pro- 
vide continuous variation. 

Input: balanced or unbalanced, impedance 20MQ 
(grid-grid). 

Output: balanced or unbalanced. 

Output voltage : 400V pk-pk max. 

Calibration signal: 0.1 mV, ImV or 10mV. 







Write for the latest Cossor catalogue or ask for a representative to 
call and discuss your special requirements. 


COSSOR INSTRUMENTS LTD 


The Instrument Company of the Cossor Group 


} 


COSSOR HOUSE, P.O. BOX 64, HIGHBURY GROVE, LONDON, N.5. 


Telephone : CANonbury 1234 (33 lines) 


ELECTRONIC ENGINEERING 


Telegrams: Cossor, Norphone, London 


Cables: Cossor, London 
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Codes : Bentley’s Second 
TAS/CI.17 








for 
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Four first-class 


performers 





These four Cossor Oscillographs, each designed 
for an important range of applications, offer first-class performance backed 
by rigid adherence to published specifications. 

















MODEL 1065 MODEL 1058 
PULSE FOR THE TV & 
OSCILLOGRAPH RADIO ENGINEER 


Tube: single-beam 
Bandwidth: d.c. to 

6 Mc/s (—5S0%). 
Sensitivity: 250 mV/cm. 
Time-Base: triggered or 
repetitive, over range 

30 cm/sec to 1.5 cm/sec. 
Special facilities for 
triggering from TV line or 
Frame pulses on IV.D.A.P. 
composite video waveform. 
X Amplifier: gain 5, 
continuously variable. 
Calibration: time and voltage 
calibration facilities. 


Tube: single-beam, P.D.A. 
Bandwidth: d.c. to 15 Mes 
(—5S0%). 

Sensitivity: 250 mV/cm. 
Overshoot: less than 3%. 
Time-base: triggered or 
repetitive over range 

40 cm/sec to 5 cm/sec. 
X Amplifier: gain 5, 
continuously variable. 
Time-base delay: 

2 ranges, continuously 
variable. 

Calibration: voltage and 
time, by calibrated shift 
Probe: 1.5 MQ, 12 pF. 








MODEL 1049 

INDUSTRIAL MODEL 1035 

DOUBLE-BEAM GENERAL PURPOSE 

OSCILLOGRAPH DOUBLE-BEAM 
OSCILLOGRAPH 


Y Amplifier: Al: d.c. to 
200 kc/s (—30%) at 
gain 900: A2: d.c. to 
400 kc/s (—30%) at 
gain 30. 

Time- Base: repetitive 
or triggered in 18 ranges 
down to 7.5 sec/sweep. 
Intensity modulation: 
three modes including 
beam bright-up. 
Calibration: time and 
voltage, by calibrated 
shift (X and Y1) and 
multiplier (Y2). 


Y Amplifiers: Al: 5 c/s to 

5 Mc/s (—30%). Maximum 
gain 3,000. A2: 5 c/s to 

250 kc/s (—30%) at gain 30, 
with trace inversion facility. 
Time-base: repetitive or 
triggered in 9 sweep ranges 
from 100 msec to 10 usec. 
Time-base delay and pulse 
bright-up facilities. 

X Amplifier: gain 5, 
continuously variable. 
Calibration: voltage and 
time, by calibrated shifts. 





Let us send full details of Cossor 
Instruments or arrange for a representative to discuss your special needs. 


COSSOAR issraunenrs iro 


The Instrument Company of the Cossor Group 


= COSSOR HOUSE, P.O. BOX 64, HIGHBURY GROVE, LONDON, N.5. 


17 Telephone: CANonbury 1234 (33 lines) Telegrams: Cossor, Norphone, London. Cables: Cossor, London. Codes: Bentley’s Second. 


TAS/CI.19 
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This unique instrument is being used by discriminating control engineers 
all over the world for measuring the dynamic response of automatic 
control systems. 

With it, one can carry out measurements of the frequency response to 
sinusoidal input; the step-function response; the response to ramp functions ; 
the response to sine-squared pulses; and many other special tests. 


* Sine waves from 500 cycles/sec. * Over 30 different waveforms 
down to one cycle every 2,000 secs. available. 
(33 minutes). 

* Pulses and square waves with rise 
time less than 10 microseconds. 

x Ramp functions with a linear rise * Load current up to § milliamps 


variable from 1 millisecond to peak. 
1,000 seconds. 


* Voltage variable between 100 
microvolts and 150 volts peak-peak. 























THE PROBLEM... 


generate the Inverse Tangent Function V=A tan ~!Bt required for testing a 
particular control system 





ma possible solution, 


spend several thousand pounds on an analogue computor and non-linear function 
units (as large and expensive as any white elephant, and less mobile) 


the Servomex solution. 


Fit a special plug-in unit to the standard LF. 51 (price £100, delivery 4 weeks). 
| This is just another example of the unique flexibility of the LF. 51 

The LF. 51 is a rugged, portable, £395, off-the-shelf instrument that gives 37 odd 

waveforms in the standard form including steps, ramps, sines, sine-squared pulses, 

and can so easily receive special units to generate the real curiosa 

erf x tan~!x etc., ete. 

These features are built-in by servo specialists who found that orthodox test gear 
“am Was not up to the job. How pleasing that this all-British device is now accepted as 

ma, orthodox among control engineers from San Francisco to Peking. 


| SER Vv O rv E X ) low frequency 


wave form 
Servomex Controls Ltd Crowborough Sussex generator 


Crowborough 1247 
the World’s best ! 
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WILTSHIRE 





CHENEY MANOR 


SWINDON 





The increasing output 
of Semiconductors high 
frequency transistors 
from the new automatic 
plant at Swindon is al- 
ready resulting in more 
economical production. 
These economies have 
made possible a sub- 
stantial reduction in 
Send to-day for a copy of the 
new High Frequency Transis- 
tors price list. 

Telephone: Swindon 6421 


quantity terms. 
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SPECIFICATIONS B.S. 89-1954 and other 
International Specifications. 


TYPES 


Moving coil for D.C. applications. 
Rectifier moving coil for 

A.F. applications. 

Thermo-couple operated moving 
coil for R.F. applications. 


SIZES 


Square: 2”, 24” and 34” nominal 
scale length. 

Round: 24” and 34” nominal 
scale length. 

Rectangular: 5”x 6” or 3’x 4” 
nominal case size. 


Design registrations pending. 
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A COMPREHENSIVE RANGE OF 


Miniature’ Instruments 


% DESIGNED TO HARMONISE WITH 
ALL MODERN ELECTRONIC EQUIPMENT 


% FIXINGS CONFORM TO ACCEPTED PRACTICE 
%& PRICES ARE HIGHLY COMPETITIVE 


For utmost reliability all ‘ENGLisH ELECTRIC’ miniature 
instruments have been designed with a higher-than-normal 
torque/weight ratio in combination with lower power 
consumption. Ali types have been successfully subjected 
to the following tests: 
RESISTANCE TO IMPACT SHOCK OF 200g 

in any plane. 
VIBRATION FATIGUE TEST—two million cycles at 
peak resonant frequency. 
OSCILLATORY TEST—up to one million operations. 


Above: 2” square moving coil voltmeter 










400 200 
\vasilitey/ . 
yy’ “Wy, 3 


9. » Above: 3”x 4” rectangular absorption wattmeter 





Left: 24” round moving coil microammeter 


Over 50 standard ranges in any of the seven 
case types. 


Delivery ex stock for standard ranges. 


Non-standard ranges to customer's speci- 
fication within 21 days. 


Literature available on request to The ENGLISH ELECTRIC Company Ltd., Instrument Department, Stafford. 


ENGLISH ELECTRIC 








THE ENGLISH ELECTRIC Company LIMITED, MARCONI House, STRAND, LONDON, W.C.2 


Meter, Relay and Instrument Division, Stafford 


WORKS! STAFFORD . PRESTON . RUGBY . BRADFORD . LIVERPOOL . ACCRINGTON 


INS.43A 
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Engineers 
with 
vibration 


problems 


f consult..... PLS apa] mele 


Manufacturers of 
Anti-vibration mountings 
Flexible Couplings and Bearings 


SILENTBLOC LIMITED MANOR ROYAL CRAWLEY SUSSEX 


Telephone : Crawley 2100 Telegrams : Silentbloc Crawley 
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Get to grips with elegant, practical 


tas Amnorted 


—— 












as Sie al 


. and add the final distinctive touch to 
your product. There’s an Imhof handle for 
virtually every job, and delivery can be 
made in days from large stocks. Handles 
are only a part of Imhofs service to designers 
and manufacturers. You can buy strong, 
beautifully designed and finished cases, 
raks and consoles in exactly the same way 
—from a standard range. Write for free 


comprehensive catalogue. 

ALFRED IMHOF LIMITED, Dept. F8, 
Ashley Works, Cowley Mill Road, Uxbridge, 
Middlesex. Tel: Uxbridge 6231 

Export and London Showrooms: 


112-116. New Oxford Street, W.C.1. 
Tel: Museum 7878. 


IMHOFS AGENTS OVERSEAS ITALY Prodel SPA, Milan 

AUSTRALIA Aladdin Industries (Pty) Ltd, NEW ZEALAND Imarex Ltd, Auckland C3 
I M ,, A Oo F Ss Stanmore, N.S.W. NORWAY Birger Christensen, Oslo 

BELGIUM Rogelec, Ghent SWEDEN Elektronlund AB, Malmo C 

CANADA Measurement Engineering Ltd, Arnprior SWITZERLAND Walter Blum, Zurich 2/39 


DENMARK Tage Schouboe, Copenhagen N u.s.A. Bud Radio Inc, Cleveland 3, Ohio 


FINLAND Oy Scienta Ab, Helsinki BRIT. GUIANA. Davsons Caribbean Agencies Ltd., 
have a handle for your product = RNAN, 97,Sclenta Ab, Helsink! Georgetown. 
GERMANY. Sunvic Regler GMBH Solingen 
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MARCONI 


Telecommunications 


The post and telegraph authorities of more than 
80 countries use Marconi equipment 


Electronics for Aviation 


More than §0 Civil Airlines and 30 Air Forces 
use Marconi radio, radar and navigational aids 


Television 


18 countries rely on Marconi Television 
Transmitting or Studio Equipment 


Broadcasting 


80 countries rely on Marconi 
broadcasting equipment 


Radar 


29 countries use Marconi Radar 


MARCONI 


COMPLETE SYSTEM PLANNERS 





MARCONI’S WIRELESS TELEGRAPH COMPANY LIMITED, CHELMSFORD, ESSEX, ENGLAND 
M8 
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‘BERCOSTAT’ 
POWER RHEOSTATS 
Now in 8 Standard Sizes 


25-500 Watts 





THE BRITISH ELECTRIC RESISTANCE CO. LTD. 


IN ASSOCIATION WITH 


THE BRITISH POWER TRANSFORMER CO. LTD. 
QUEENSWAY ‘ ENFIELD : MIDDLESEX : Telephone: HOWard 2411 
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* REPLACEMENT 
* PROTOTYPING 
* STOCK CONTROL 











Our “MAKA-SWITCHES” 
(supplied as separate “Shafting 
Assemblies’’, “Spacers’’, “Mains Switches” 
and 5 Combinations of ““Wafers’’) enable 
you to build almost any “Rotary” up to 6 
Banks, thus solving all your SWITCHING 
PROBLEMS! 









You can now build almost any Mains Dropper by 
using our “MAINS DROPPER SECTIONS”. 
Available in a range of 32 Values (2 sizes). Another 
one of your headaches (especially T/V Droppers) 
gone! 








4-8 MAPLE STREET - LONDON :- W.I ENGLAND 


Telephone: EUSton 7232-7 


TELEGRAMS: RADOSPERES, WESDO, LONDON CABLES: RADOSPERES, LONDON 
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the magnetic recording 
tape with the highest 
technical standards 


* High sensitivity 

* Low noise level 

* Low ‘print through’ factor 
* Anti-static 


* Freedom from curl 


and stretch 











GENERAL 
PURPOSE 


LONG 
PLAY 





































T noth | Price in Price 
tho. Title Size pore EMICASE Ph vay 
88/3 3° dia. | 175’ ine 7 6 
99/3 ee 3° dia. | 250’ in 965 
88/3N 3)’ dia. | 175° = 7 6 
99/3N 3)" dia. | 250” ow 9 6 
88/6 Junior 5°dia. | 600° | £1 3 6| £1 1 0 
99/9 5‘dia. | 850’ | £110 61 £1 8 0 
88/9 \ Continental 53’ dia.| 850’ | £110 6| £1 8 0 
99/12 53” dia.| 1200’ | £117 6 | £115 0 
88/12 |) .. . | adia. | 1200 | £117 6 | £115 0 
99/18 } papas 7’ dia. | 1800’ | £212 6 | £210 0 
88/18 \ professional” 81” dia. | 1750’ at £217 6 
99/24 8)" dia. | 2400’ a £312 6 
Ermmicase 


now available separately! 


the polystyrene container that solves 
tape storage problems, protects spools 
from dust and allows easy identification 
of leader tapes. 


E:;M-§ SALES & SERVICE t. TO 
(Recording Materials Division) 








Pe! . _ oon e oo HAYES - MIDDLESEX 
7’—4s.0d; 53”—3s.6d; 5” —3s. 6d. AYES - MIDOLESE x 
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MINIATURE 
MICRO 
SWITCHES 
™ 0 
> actuators 








BURGESS 
PRODUCTS 
COMPANY LTD 


MICRO SWITCH DIVISION 

Dukes Way, Team Valley, Gateshead 11. 
Telephone. Low Fell 75322 (3 lines) Telex: 53-229 
London Office: 127 Victoria Street, S.W.1 
Telephone: TATE Gallery 0251 (3 lines) 


PLEASE 
ASK FOR 


There are many other Miniature Micro 
Switches and Actuators besides the few 
illustrated here. Ali have the famous 
BURGESS long-life mechanism. 


ELECTRONIC ENGINEERING 46 AUGUST 1959 











EE 12051 for further details 


The K345 series has been developed by the English 


K 345 Series Electric Valve Co. Ltd. to provide reliable 


reflex Klystron oscillators for transmitter service 





f over the frequency range from 5925 to 8025 Mc/s. 
0 These valves are suitable for microwave links and 
many other applications. 

Refi BY Klyst rons The seven valves of the series cover the frequency 
range in steps of 300 Mc/s, the power level being 


5995 to 8025 Mc /s one watt. They are designed to be equivalents of the 
VA220 tubes both in performance and overall 





dimensions and are interchangeable with them. 
Good linearity of the frequency versus reflector 
voltage characteristic ensures low F.M. distortion. 
A special feature of the K345 is its external cavity 
which improves the frequency stability. The simple 
screw tuner in the coupled cavity provides a con- 
veniently slow tuning rate and, being external to the 
vacuum envelope, ensures longer operating life. 

For further details and for the complete range of 
Klystrons manufactured, please write to the English 
Electric Valve Co. Ltd. 





Typical Operation (at 7370 Mc/s) 














Resonator voltage 750 V 
Resonator current 72mA 
Reflector voltage — 350 V 
Output power 1.0 W 
Electronic tuning between 3 dB points 30 Mc/s 

a ° a 

sESS . . Modulation sensitivity 250 kc/s/V 

CTs ENGLISH ELECTRIC Mechanical tuning rate 100 Mc/s/turn 

LTD 

VISION 

shead 11. Pe 

“awn AIC MUIR RRTAT MUNIN GR) Comsrord, England 

tS. WE 

(9 enest Spee: _— | plies sae ng We Telephone: Chelmsford 3491 











AP/130 
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Whatever your power requirements 
in 9.9.B. communications equipment, 








60 watts 


TRA.55 Radiotelephone. 
3-12 Mc/s. Simple, 
transportable, versatile, 


















500 watts 


TA.83 Transmitter 
3-15 Mc/s. Full remote 
control. 









The growing range of Racal S.S.B. Se a 
equipment also includes : gl % 5KW 
RA.87 4-channel Receiver + 
RA.101 0.5—30 Mc/s Receiver 
TA.104 60 watt Transmitter 
Control Units 








TA.84 
Linear Amplifier 
2.5-25 Mc/s. 
Automatic tuning. 













Aerials - 


and complete installations to customers’ 
requirements. 





rely on RACAL experience 


RAC A Li 


RAGAL ENGINEERING LIMIT E D 


WESTERN ROAD - BRACKNELL - BERKS .- Tel: Bracknell 941 - Grams/Cables: RACAL BRACKNELL BERKS 
‘OVERSEAS: Agents operate in most territories throughout the world 


& 
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Sensitive Valve Voltmeter — An 
audio frequency A.C. Voltmeter 
providing 10 ranges from 30 m.V. 
to 300 Volts. £49.10.0 








A.C./D.C, Valve Voltmeter—Six 
A.C. ranges from 1-300 Volts 
f.s.d. up to 200 Me/s and seven 
D.C. ranges from 1-1,000 Volts 
f.s.d. at high impedance. £59.10.0 





+ 
\e 


| A complete test-bemch im ome Ward foccece 1. mnwn 


instrument reading from 10 ohms- 
10,000 megohms with a high 


USING PRECISION / NASHTON | ELECTRONIC INSTRUMENTS degree of accwracy.  § £52.10.8 


must IMPROVE laboratory and workshop EFFICIENCY 











The Nashton labstand shown above holds any three Nashton instruments at eye-level 
for easy reading and operation. It frees bench-top space for operator use and is completely 
portable. Only one mains connector is required. Five instruments from the Nashton 


range are illustrated here; others available now or in the near future include the Resis- 


tance Capacitance Comparison Bridge, the D.C.uA-Valve Voltmeter, the Universal D.C. Flash Tester—Designed to meet 
: : the requirements of B.S. 816:1952 

Meter, the Shorted Turns Detector, the L.F. Quadrature Oscillator, the Transistor Tester, and giving meter indication of 
he ” a both applied voltage and leakage 

and the -05 Amp. Stabilised D.C. Power Pack. The last three instruments use transistor current. £26.0.0. 


circuits. For full information fill in the coupon below and send it (2d stamp) to:— 


Nash and Thompson. imreo 


OAKCROFT ROAD +: CHESSINGTON +: SURREY *- Elmbridge 5252 


ie a 








Please provide information on the Nashton.........::cccccccsossssssssossssssseesssssssnesssssannsssessnncees 
| NAME satanic os itideenasniandinheseseptibengiathaininnp nqeniaaiakiaaee IE rihtss nceconctlbcatoosenceseseesinnelatentis | 
1 Amp. Stabilised D.C. Power 
| DEPARTMENT...................... NAME AND ADDRESS OF COMPANY.............. Supply—A transistorised unit sup- 
ibiachassoshdelanaisigueesicimaestenntcieied plying from 1-13 Volts D.C. sta- 


bilised to within 0.2% for + 10% 


be mains voltage variation. £40.0.0 





Ran RN Ae EE NO POR LT LT TT AT 
WHG/NT74 D 
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but ‘FINISH’ with 


LUXOL 


Thereare twenty-one standard finishesin the famous 
LUXOL family. Almost certainly the finish best 
suited to your product and your assembly line is 
amongst them. Herearea few ofthe LUXOL family:— 


LUXOL 
Standard Stoving Finish 


LUXOL 
Quick Drying Finish 


LUXOL 
Wrinkle Finish 


LUXOL 
Cellulose Finish 





LUXOL 
Hammered Finish 


LUXOL 
Stoving Polychromatic Finish 


LUXOL 
Polyurethanes 


EPILUX 2 
Stoving Finish 


Our Technica} Advisory Service will gladly co-operate with 


you if your needs are not covered by our standard range 


and will, if necessary, formulate a Finish especially for you. 





BACON SLICER, MANUFACTURED BY METCALFE FOOD 
MACHINERY LTD., TREATED WITH POLYURETHANE FINISH 





BY APPOINTMENT TO 


MER MAJESTY QUEEN ELIZABETH 14 


MANUFACTURERS OF PAINT 
BRITISH PAINTS LIMITED 


BRITISH PAINTS 
LIMITED 


Portiand Road, Newcastle upon Tyne, 2. 
Northumberland House, 
303-306 High Holborn London, W.C.|I. 
31, Wapping, Liverpool. 
BELFAST, BIRMINGHAM, BRISTOL, CARDIFF, GLASGOW, 
LEEDS, MANCHESTER, NORWICH, PLYMOUTH, 
SHEFFIELD, SOUTHAMPTON, SWANSEA AND ALL 


PRINCIPAL TOWNS. 


A FINE FINISH FOR EVERY PRODUCT 
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FERRANTI X-BAND 
FERRITE DEVICES 









FERRITE SWITCH TYPE 3F 
Frequency 9600 to 9800 mc/s. Peak 
attenuation 30 db min. Insertion loss 
‘5 db max. Power handling capacity 30 
watts. Weight 3 oz. 





FERRITE CIRCULATOR 


A compact three port circulator capable 
of handling 50 kW peak, 50 watt mean. 
,It can be pre-set to cover a bandwidth of 
400 mc/s in the 3 cm. band. The magnetic 
field is supplied by permanent magnets. 
The total weight of the component is 
approximately 44 oz. 





FERRITE ISOLATOR 


Type 2F/2. 100 kW peak, 100 watt mean. 
Type 2F/3. 200 kW peak, 200 watt mean. 
Isolation in both cases greater than 20 db 
over a bandwidth of 1000 mc/s with an 


insertion loss of less than 1 db. 





FERRANTI LTD - KINGS CROSS ROAD - DUNDEE Telephone: DUNDEE 87141 





es/T $2 
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Rapid, 
high-quality 
photoprinting 


and no ventilating system required 


The Ilford AZOFLEX Model 246 Combine printing 
and developing machine (formerly known as Model 
46/35) is designed for use in the print room of the large 
drawing office. It does not produce unpleasant fumes 
and special ventilating systems are thus unnecessary, 
making it a simple matter to move the machine to a 
new position at any time. 
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x 


ft ® Exposure, development and print 
delivery synchronized for simplicity 
of operation. 


®@ All controls conveniently located for 
rapid, effortless adjustment. 


@ Pneumatic-assisted handling of 
originals and sensitised material to 
obviate fatigue. 


® Complete design co-ordinated for 
exceptionally high potential output. 


@ Excellent mechanical layout giving 
silent, vibrationless running. 


© Comprehensive maintenance service 
available at nominal cost. 


Capacity: rolls and cut sheets up to 42 in. wide. 
Printing speed: from 2 ft. to 30 ft. per minute. 
Lamp: H.P.M.V. quartz, 3,000 watt. 
Dimensions: height, 58 in., width, 72 in., depth 
(tray extended) 80 in. Weight : approx. 1,400 Ib. 
Subject to certain conditions, the majority of 
AZOFLEX photoprinting machines can be hired 
as an alternative to outright purchase. 


ILFORD RiZzeirs 


PHOTOPRINTING MACHINES & MATERIALS 


Full details from 
ILFORD LIMITED, INDUSTRIAL SALES DEPT.AZ18G 
ILFORD, ESSEX. TELEPHONE: IL Ford 3000 
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THE NEW poteNTIOMETER 
Type PV2 


This new miniature Wirewound Potentiometer is fully 
type-approved to R.C.S.C. styles RVW 13/14. 





Available with normal shaft for knob operation, 
slotted shaft for preset adjustment by screw- 
driver, and longer slotted shaft with split collet 
locking device. All styles can be supplied with 
or without panel seals. 


A wide air gap at the back of the component 
prevents condensation in humid conditions. 


The resistance element is of copper-nickej 
wire for the lower values and nickel-chrome 
wire for the higher vaiues; both are wound in 
strip form on a bakelite laminate of high 
electrical quality. 





The resistance wire is welded at each end to 
aninterwire,whichissolderedtotheconnecting 
tag. The three tags are of plated brass and 
2 watts at 20°C. project through slots in the shell. 






RATING 





Contact ring and wiper arms, the tips of which 








t are rhodium plated, are nickel silver. Shaft 
ity bush and nut are nickel-plated brass. 
| for 

The lockable shaft model has a long bush with 

split conical extension at the end. The shaft is 

locked by amilled sieeve screwed over the bush 
to compressing the split cone. 

t 
ut. ————— Write for technical leaflet 
gs 
ice 
ide. 
e. 
depth 
0 Ib. 
red 
ca 
Painton & Co.Ltd. 
ALS KINGSTHORPE NORTHAMPTON 
Tel: 32354/7 Telegrams: ‘Ceil, Northampton’ 

"18G 


) 
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The reliability of the Brimar ‘T’ range 
of valves has been “‘built-in’’ as the 
result of experience gained from a 
programme of examination and test- 
ing. One of these tests is illustrated. 
_ Sub-miniature valves for use in 
guided missiles are being micro- 


scopically examined for mechanical 








| defects. The degree of magnification 
is more than sufficient to ensure 
that no flaw in the structure can 
escape detection—a vital precaution 
in equipment which is subjected to 
extreme stress and strain. The in- 
formation derived from this and other 
tests on valves for special applica- 
tions is used to improve manufac- 
turing techniques on commercial 
types, so making Brimar the obvious 


choice when the demand is for a 


reliable valve. 


better make it q MA 


Standard Telephones and Cables Limited 


Registered Office: Connaught House, Aldwych, London, W.C.2 
VALVE DIVISION: FOOTSCRAY - SIDCUP - KENT - FOOTSCRAY 3333 
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DOING THE IMPOSSIBLE 





Design headaches have a habit of melting away ~— 
after you’ve consulted with Marston. For Marston 
flux-dip brazing of light alloy components makes 
the impossible possible—enables you to do the 
electronic equivalent of getting a quart into a 
pint pot. You can forget about the restrictions imposed on 
design by conventional brazing. You can forget 
about the accessibility of joints. Practically nothing’s 
too awkward or complex for flux-dip brazing, and 
not only does it give you perfect electrical joints at 
every point: you get lightness, strength, rigidity and 
smooth finish as well. If you’ve a design problem— 
whether it’s the assembly of waveguide components, 
the construction of a honeycomb chassis or something 
really complicated—consult with Marston’s experts. The 
chances are that they can help you achieve the impossible. 


MARSTON EXCELSIOR 





MARSTON EXCELSIOR LIMITED, FORDHOUSES, WOLVERHAMPTON, ENGLAND. 
(A subsidiary company of Imperial Chemical Industries Ltd.) 


MAR 262 
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a firm on 


complex connection 


From their wide selection of plugs and 
sockets, MODAC offer a standard range 
of rectangular and circular miniature 
connectors, to which is soon to be added 
a sub-miniature range with combinations 
of 10, 16, 28 and 34 contacts. 








The main feature of this advanced design 
is the independently sprung, multi-point 
contact which provides self-cleaning, 

low contact resistance and is ideal 

under conditions of vibration. 


MODAC is equipped for the design 
of connectors to customers’ 
specifications and to supply any of 
their range as cable assemblies. 














They are more than willing— 
at any time—to come to grips with 
your general wiring problems. 


Modac miniature and sub-miniature connectors 


*Modac’ is a Registered Trade Mark 


for further information and a copy of the ‘Modac’ 
catalogue, please contact: 


Modern Acoustics Limited 
Contact Connectors Division 


MANOR WAY - BOREHAM WOOD - HERTS - ELSTREE 3636 
Agents for British Commonwealth Countries: Plessey International Limited + Ilford + Essex + Ilford 3040 





@ MAL 2 
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LEXY 


are your 
interest 


%* No delay in getting your ideas put into practice. 


%& No need to interrupt your smooth flow of quantity production to produce Experimental 
Chassis. 


% Lektrokit Experimental Chassis can be modified quickly and simply. 


%* A wide range of accessories permit the construction of bench or rack mounted units for 
permanent use. 


%* Units can be fitted together almost indefinitely in a variety of ways. 


ELECTRONIC , cucr#iy soap 
INDUSTRIES 3YFLEET:- SURREY 
LIMITED eeeeey 4s 
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NEW 


PRINTED CIRCUIT 


F, M. TUNER 


ae Cyldon Printed Circuit F.M. 
Tuner, with its unique design and construc- 
tion, offers the optimum performance ob- 


tainable with a double triode valve. 


Using a double triode valve with one section 
as the R.F. amplifier and the other as a self- 
oscillating mixer, this tuner has the following 


design features:- 


! Supplied complete, pre-aligned and ready 


' = : 7 Plug and socket power connections. 
for installation in the receiver. 


8 . . 
2 Series or parallel heater chain. Aerial input 80 ohm. unbalanced. 
















9 ¥ . . . 
3 10.7 Me/s I.F. (oscillator low). 3-point base mounting for mechanical Hl 


resilience. 


4 High gain which is constant over the 


entive F.04. Band. range, providing direct mechanical 


5 Radiation within B.R.E.M.A. limits. PE es ee ee 


6 Absolute stability. 


At present available only for the U.K. F.M. Band 
SYDNEY S. BIRD & SONS, LTD. 
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NEW 





CAPACITORS = 


ftcien at 25 Oca 


Type H precision silvered mica capacitors— 
the latest addition to the JMC range—are 
suitable for use from —70°C to +250°C. ; 
Silicone rubber protection safeguards their 
outstanding performance at these very high 
operating temperatures. 


% Fired construction 


% Two standard sizes covering all values 
from 5ypyF to 50,000 puF 


% Minimum tolerance + 3° or +1 pF 
(whichever is greater) 

%& Small physical size 

* Silver or silver-clad connecting leads 


Catalogue sheets describing the complete range of 
IMC precision capacitors are avatlable on request. 


4 


Johnson </> Matthey 


\ 
4 


7, 


JOHNSON, MATTHEY & CO,. LIMITED 
73-83 HATTON GARDEN, LONDON, E.C.I 
Telephone: Holborn 6989 

Vittoria Street, Birmingham, |. Telephone: Central 8004 
75-79 Eyre Street, Sheffield, |. Telephone: 29212 

E.92 
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The world’s 
JSinest-quality 
connectors 


—IN SUB-MINIATURE, MINIATURE 
AND PRINTED-CIRCUIT RANGES 


manufactured under licence from 
Winchester Electronics Inc., U.S.A. 


* 
GOLD-PLATED CONTACTS 


made from spring-tempered phosphor-bronze 
provide 
low contact-resistance, prevent corrosion 
and facilitate soldering 


* 
MINERAL-FILLED 
MELAMINE MOULDINGS 


provide 
high arc-resistance, high dielectric 
and mechanical strength 





NOW AVAILABLE 





TYPE D2 


TWO-POLE STACKABLE CONNECTOR 


* Alternative contact arrangements  Self-polarising stacks 
* 0-3” centres for 0-1” Grid applications 











Catalogues on request: 


ELECTRO METHODS LTD.), Plug and Socket Division 


17-41 CAXTON WAY, STEVENAGE, HERTS 


Telephone: Stevenage 2110-7 


sso 9909B00EMLCR Gp 200 


~eLECTRo © 
> METHODS ~ S 


//] X 
SO 


V¢, “COORD ITD (SHHSOS 





(OF STEVENAGE ) 








SERIES ‘SMRE’ 


SERIES © 





SERIES ‘BK’, ‘BKM’, ‘K’, ‘KM’, ‘KKM’ 
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SPEED PRODUCTION WITH 


RO-BROOMWAD 


Pneumatic Tools 


LIGHT - POWERFUL 
RELIABLE - LOW COST 


© ARO-BROOMWADE 
spring balancers save 
wear on air hose or 
cable . . . hold tools at 
just the right height... 
reduce waste motion 
and operator fatigue to 
eee Ib. and ARO-BROOMWADE ; 
? ’ drill with lever-type control. Weighs less than 
1} 1b. Capacity 4.”—?’ 


ARO-BROOMWADE ARO-BROOMWADE 
screwdriver/nutrunner is drill with pistol grip. 
quickly converted to either Weighs less than 1} Ib. 
role. Adjustable clutch. Capacity #"—?’ 
Reversible. Silent in operation. 

Weighs only 14 Ib. 


WRITE FOR FULL DETAILS 


Air Compressors & Pneumatic Tools 
YOUR BEST INVESTMENT 
BROOM & WADE LTD., P.O. Box No. 7, HIGH .WYCOMBE, ENGLAND 
Telephone: High Wycombe 1630 (10 lines) Telegrams: “Broom”, High Wycombe. (Telex) 





627 SAS 
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and 
dependable 
range 


G.E.C. are now producing a full range of semiconductor devices 
that are tough, reliable and hard-working. 





e Transistors from low-power r.f. to 64V 12A power types. 
7 ¢ e Junction diodes from high-speed switching devices to 
This range includes:— = aoov 84 silicon power rectifiers. 
e Germanium point contact diodes 
e Radar mixer diodes. 


SEMICONDUCTOR DEVICES 


Further information on all G.E.C. Semiconductor Devices 

may be obtained from the G.E.C. Semiconductor Division, 

School Street, Hazel Grove, Stockport, Cheshire. Tel: Stepping Hill 3811. 
or for London Area ring Temple Bar 8000, Extension 10. 
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‘GENERAL RADIO’ TYPE 1391-B 


PULSE, SWEEP AND 
TIME-DELAY GENERATOR 















































isti Accepts 
Direct synchronizing pulse timed by Generator Characteristics Sine Wave, @ee 
the input signal. External PRF Drive -_— T sea 
Delayed synchronizing pulse accu- ' 
rately adjustable in time by delay genera- } ‘ Synch ing Period 
: Vv 15 usec he ynchronizing Per 
tor. Built-in coincidence circuit for Synchronizing Pulse ih 4100 - - 4 psec to co 
timing the delayed synchronizing pulse ' - 
by externally generated pulses fed into Delay al - + Sf | psec to I-l sec. 
the instrument ' : Accuracy 1% 
“ ‘ ‘ jitter 0-002% 

Push-pull sawtooth voltage of suffi- , aoa a0 she L 
cient amplitude to be applied to the Delayed Sync Pulse : . 3.1000 
deflection plates of oscilloscope for exa- ¢, Gate ~ lili i. 
mining the generator’s output pulses, or ' 
for use in driving auxiliary equipment. peo gpae + 
Push-pull gating pulses with same — Push-Pull Sweep Linearity better than 1% 
duration as the sweep.—————_ Sweep Gate 
Positive or negative pulses with 
excellent shape characteristics, contin- +. tte — ce ae 

. : 2 - ' ‘ 000 usec 
uously adjustable in duration, amplitude, Push-Pull Pulse —* XESz0 or OC f—————"\_— Ato It sec with aid of delay circuit) 
impedance level, and delay with respect ne = 
to (a) the direct sync pulse and (b) the 0-015 wsec—4 10-015 Output Impedance 
sadetin nw _ Time Zo= 50 to 600 Ohms 














vices 

* Fast Rise and Decay Times — Better than *% Coincidence Circuitry for Multiple Pulsing 
0-01 5usec. and Time Selection. 

* Push-Pull Pulses with Durations from 0-025 % Circuits Stable against Hum and Line Transients. 


usec to 1-1 sec. ’ 
* Variable Output Impedance for Correct 


Time Delays from Iysec to 1-1 sec. Termination with Variety of Transmission 
Linear Sweep Voltage from 3yusec to 0-12 sec. Lines. 
NO Duty Ratio Restrictions. *% Extreme Versatility — Panel Controls for 


. Important Pulse Characteristics. Terminals 
Very Small Jitter and Guanes. provide ready access to Sync Pulses, Gates, 
High Accuracy and High Resolution Throughout Delayed Signals, Pulses, and Internal Sweeps. 


xe eK * 





Write for complete information. 


Valley Works, Ware Road, Hoddesdon, Herts. 
Telephone: Hoddesdon 4541/4 


76 Old Hall Street, Liverpool 3, Lancs. 


Telephone: Central 4641 /2 
CL/A9/IA 
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A RANGE OF TRANSISTORISED 


with these features 


FOUR TERMINAL NETWORK 


nominally zero impedance at your circuit. Resistance 
of interconnecting leads automatically eliminated. 


OVERLOAD PROTECTION 


latching relay ensures unit cut out on overload. 
Fuses protect unit against component failure. 


LOW TEMPERATURE RISE 


exclusive use of C core transformers. 


METERS 
grade | E. TURNER ammeter and voltmeter. 
WORKMANSHIP 
to highest standards, ROBAND standards. 
PERFORMANCE 
IMPEDANCE: <0.05 ohm 
RIPPLE: <I mv 


OUTPUT VARIATION: Less 
than | part in 1200 for 7% mains change. 


MAINS 200/250V. A.C. (115V models available) 


%* Not applicable to sub-units. 


‘ALL PRICES EX-WORKS 





PLEASE NOTE OUR 


NEW ADDRESS AND 


TELEPHONE NUMBER 











a 





MODEL TIol T103 
ae one 1A 0-30V, 1A 
ze: 134” x 9 x 92” high 
Weight: 17 Ibs. 

Price: £93 








MODEL Ti02 TOS 
— 0-30, 2A O-Sov, 2A 
ze: 6h" x 8” x “ef hi 
Weight: 35} Ibs. ” 
Price: £100 £118 





MODEL T104 0-30/0-30V, each section IA. 





Size: 16§” x 8” x 10}” high 
Weight: . 354 Ibs 
Price: £129 


Basically a centre tapped D.C. supply with 
independent controls. 
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~ 





ED| REGULATED SUPPLIES... . 
















MODEL TI00 25V max at IA. MODEL TI06 0-100V, IA. 








Size: 7} x 4” x 54” high Size: 21}” x 13” x 112” high 
Weight: 5 Ibs. Standard 19” x 8?” panel) 
A Price: Weight: Ibs. : 
Price: £149 





MODEL TIO8 50V max at IA. MODEL TI07 0-100V, 2A. 








rs a wey Rey Size: 213” x 13° x 112” high. 

Weight: 8 Ibs. - 

Pri fear as Weight: i ilhian 2 sass 
Price: £183 


' 

' Also: A RANGE OF FIXED AND 
; VARIABLE STABILISED SUPPLIES UP 
1 TO 500 Vv 

| And: A RANGE OF R.F. STABILISED 
: SUPPLIES UP TO 50 K.V. 


ROBAND 


ELECTRONICS LIMITED 





MODEL TIO09 50V max at 2A. 





Size: 10}” x 53” x 7}” high. 
IA. 
A Weight: 13 Ibs. Beulah Works - Beulah Road 
rice: ; 
pea tale erer scene etoctyimmnruiniie ; Thornton Heath - Surrey 
All sub-units are supplied at fixed voltages. Thus 
with | @ 1100/24 is a 24V ER supply. The output can be - 
1 ' 


readily altered to any fixed voltage within the range. 





Telephone: LIVingstone 6606/7/8 


Re 
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A COMPLETE RANGE OF VACUUM TUBE REGULATED SUPPLIES 


WITH THESE FEATURES .... 
FREQUENCY RESPONSE—complete stability from | c.p.s. to beyond 


100 k.c.s. 


STABILITY —guaranteed for + 10% mains variation—double triode 


difference amplifiers ensure freedom from drift. 


LIFE—conservatively rated components ensure long life. 


IMPEDANCE—a preset potentiometer allows for smooth impedance 
adjustment from positive to negative values 


MAINS—200/250 V.A.C. (115V models available). 


FRONT PANEL UNITS—fitted with Plessey Mark IV or Films & 


Equipment Jones type plugs & sockets. Please state preference. 


D.C. Output 
Volts Currents 
OPEN CHASSIS UNITS 


M23 +150V 0-50mA 6.3V2A & 6.3VIA <0.1 2 
& 
& 


Effective 


Model Resistance 


A.C. Outputs 


< 
< 


me. 


He] HEHE] He | He THe THe THE | He | HE] He THE JHE |e HH 


MX XIX KEK TX KEK Px |x EK TxTx] x 


i9 in. FRONT PANEL UNITS 


A 


M36 


x|x|X|X]xX] x] x]x]x 
AIAIAJAIAJAIA 





‘ MI4A UNIT 
33 Mountgrove Road, Highbury, N.5. 


1 AMP UNIT 


Voltage 





Price 


Stability i Ex-works 


= 


3/3/3)|3 


3/3) 3) 3/3) 3/3) 3/3)3/3 


. 


: 
XIX) xKTxKTxX] x] x]xITx 


: 


: 


KX XK EK TK KX LK ExT x 
S 


. 


: 


x 


atilatctadataintatatatatahilats 
i Ba 
xIx}x]x |x] x 


x 


8 


mV 
m 
m 


AIAIAJATAIATATAIA 
x|x|x|x|x|x]x|x]x 


MADE AND GUARANTEED BY 


ROBAND 


£255-0-0 


£255-0-0 





ELECTRONICS LIMITED 


Beulah Works - Beulah Road 
Thornton Heath - Surrey 


Telephone: LIiVingstone 6606/7/8 
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CHOKES 


SUPPRESSION 





used in all the major airliners including 
the COMET, VISCOUNT and BRITANNIA 








With the greater use of radio and navigational aids on ships and aircraft, it 
is increasingly important to suppress interference likely to arise from other 
electrical equipment which is also an inseparable part of modern transport. 
S.T.C. with over 40 years experience in the development of high grade mag- 
netic materials, now introduce a selection of the many types of chokes which 


are manufactured for industrial, marine and aeronautical applications. 


RANGE OF SIZES AND WEIGHTS 
The following table lists the size, weight and 


normal range of inductance and current rating 
of several S.T.C. Toroidal Chokes: 





inmate 





aed 








+ 


















































SIZE SIZE INDUCTANCE & CURRENT RATING 
CODE —e a —" “— (wH and Amp. AC or DC) or 
Cl 1.3 0.7 0.52 3.5 from 10yH( 4amp)to1000»H( 0.1 amp) ! : 
C2 2.3 1.2 0.80 14.5 o 2, Gt . )oIe.. €4 «:) \ 
c3 2.95 14 13 50.0 w» 100, (2b 4, )t01000,,€% w ) —— 
C4 4.1 2.4 1.3 85 » 100,, (4 ,, )to2000,, (i ww ) 
C5 4.8 2.7 1.4 130 » 10, 6 ,, )to2000,, @ Pe 


Standard Telephones and Cables Limited 


Registered Office: Connaught House, Aldwych, London, W.C.2 


MAGNETIC MATERIALS DEPT: NORTH WOOLWICH 


LONDON ° E.16 
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TYPE io! 


= —s ee ae ee ee 


TYPE 144 





TYPE 103 


—_— oe oe we ee ee ie i i 





There is nothing special about 


DIGITAL TACHOMETERS 


+++ after all they are simply devices for measuring pulse rates. 


Instruments to do precisely this have been manufactured by us for 


years — ever since in fact we developed and introduced the Dekatron 


range of cold cathode counting tubes, nearly'a decade ago. 


Circuits and layouts pioneered by Ericsson have passed intu 


universal use and we regard it as a compliment that many other 


manufacturers utilise these tubes as the basis of their designs. 


Our design and development programme, backed by knowledge and 


wide experience of these techniques and guided by an awareness of 


customer needs, has enabled us to produce standard instruments 


which will meet all normal digital tachometer requirements. 


All these instruments have features which permit them to be 


used in other industrial fields, e.g. interval timing. 


The recently introduced range of counting sub-units, 


has enabled us to meet and solve an increasing number of applications 


problems on an even wider front. 


As a result of this progressive policy you can 


have ‘‘tailor made’’ or standard instruments of any complexity 


at prices which cannot be bettered. 


Please do not hesitate to call on our application engineers—they 


are always at your service for all counting problems. 








TYPE iol 


TYPE 14 


TYPE 103 





Speed 


No lower limit to 210,000 r.p.m. 


No lower limit to 1,200,000 r.p.m. 


No lower limit to 6,000,000 r.p.m. 





INEXPENSIVE 


Frequency 


No lower limit to 3,500 c.p.s. 


No lower limit to 20,000 c.p.s. 


No lower limit to 100,000 cp.s, 





SIMPLE TO OPERATE 


Time 


100 m S to 100,006 secs, 
Mains time base 


100 m S$ to 1,000 secs, 
Mains time base 


100 u S to 10,000 secs, 
Crystal control of internal 
time standard 





RELIABLE IN SERVICE 


Alternative time base 


External—less than 3,500 c.p.s. 


External—less than 20,000 c.p.s. 


10 K.p.s., | K.p.s. or 100 cp.s, 
or external—less than 100 K.p.s. 





BUILT TO LAST 


Input Sensitivity 


-5 vole 
«| vole with pre-amplifier 


ol vole 


5 vole 





Timing Periods 


1 to 1.2 sees. in .1 sec. steps 
I to 12 secs. in I sec. steps 
Longer periods easily set up 


I to 10 secs. in | sec. steps 


0.1, lor 10 secs. 





If you would like complete details, 
please write to:— 


Time Measurements in 
Units of -— 


10 m S with mains time base 
286 y S min. with external 
time base of 3,500 c.p.s. 


10 m S with mains time base 
50 u S min. with external 
time base of 20,000 c.p.s. 


10 pS, 100 p'S, 1 mS or 1OmS 





Display Time 


Variable 


12 secs. (less count time) 
in | sec. increments 


1, 2, 4 or 8 secs, 











Price 





From £220 





From £250 


From £223 











ERICSSON 





INSTRUMENT DIVISION 


HIGH CHURCH STREET, NEW BASFORD, NOTTINGHAM. Tel. No: 75115 


PEOPLE WHO COUNT USE ERICSSON 


ERICSSON TELEPHONES LIMITED, HEAD OFFICE: 22 LINCOLN’S INN FIELDS, LONDON, W.C.2. 


€113/91 
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GERMANIUM JUNCTION RECTIFIERS 
— finned bridge units 





= 
ATI 






77) A 


fr: ( il 
tan 


Atel ean 






ee 





os 
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e@ RATINGS FOR INDUCTIVE AND RESISTIVE LOADS 



































A.C. INPUT D.C. OUTPUT OVERALL 
TYPE max. r.m.s | max. voltage | max. current | LENGTH 
volts (per phase) volts amperes inches 
GA31-A 140 125 2:0 at 40°C 34 
wi | GA4I-A 53 47 2-0 at 60°C 3 
< | GASI-A 210 187 2:0 at 40°C 3 
= | GA6I-A 106 94 2-0 at 60°C 3 
“ji | GA52-A 340 303 2-0 at 40°C 5 
The well-known range of 4 GA62-A 170 151 2-0 at 60°C 5 
. a | | GAS3-A 510 455 2-0 at 40°C 
BTH germanium junction GA63-A 254 7 7-0 at 60°C ef 
rectifiers is now available -— one — — eer aes 
made up into convenient | 2 | Gp4i-a 53 71 3.0 at 55°C 
bridge units ready for in- | £ | GBSI-A 210 283 3-0 at 35°C 
corporation in your equip- | 14 | GB6!-A 106 143 3-0 at 55°C 
ment. = | GB52-A 340 458 3-0 at 35°C é 
| GB62-A 170 229 3-0 at 55°C 








BRITISH THOMSON-HOUSTON 


THE BRITISH THOMSON-HOUSTON CO., LTD., LINCOLN ENGLAND 
5936 an A.E.1 Company A5184 
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‘The E"erranti 
= DIGIT VOLT ME I=: Fe. 
“ype D101 


The need for instruments capable of measuring 


voltages with a high degree of accuracy and with a fast Display Three digit plus automatic polarity indication 
and automatic decimal placement. 





SPECIFICATION 


reading time has long been apparent. The Ferranti 3 digit 
D.C. Volts in 3 ranges 


voltmeter has been developed to meet this requirement. 
Automatic 0.01 — 9.99 V 


The advantages of this precision instrument will undoubt- Ranges 10.0 — 99.9 V 
edly prove attractive to those engaged in the fields of 100V — 999 V 
automatic testing and monitoring, analogue to digital Accuracy 0.1% of full scale reading on any range. 
conversion, calibration of moving pointer instruments and Average Reading Time 0.7 seconds. 
many similar applications. Input Impedance at Balance 10 Megohms. 
Input 110 — 250V A.C.50—60 c/s 50W. 







Special Features Weight 50 Ibs. approximately. 


Style Bench cabinet 17” x 13” x 10$” high with 
optional brackets for standard rack mounting. 


Automatic Ranging and Polarity 


* 

@ High Accuracy and Resolution In view of continuing development, the right is reserved to alter 
a 

# 


the specification or design of this instrument. 


Fast Reading Time 
Complete Reliability 


FERRANT!I LTD * FERRY ROAD: EDINBURGH 5 
Telephone. DEAn 1211 
ES/T64 
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this isthe 


SUN VIC 
POTENTIOMETRIC 


es 






RECORDER - 





oO U 





eB 


Have it single trace... or two...or four ...or eight... or sixteen trace 


DOoCeCoccoecococoeo 


Thirteen different input units and three different chart-drive gearboxes 


GIVING YOU A CHOICE OF 195 VARIATIONS PLUS... 


... additional facilities such as alarm and control _Instruments can be supplied with a speed of response 
contacts, solenoid pens, retransmitting slidewire, | of 1 second, a guaranteed calibration accuracy of 
digitiser and fast/slow speed recording timer. + 0.5% f.s.d. and—for high impedance instru- 
Sunvic High Speed Potentiometric Recorders have §ments—a sensitivity of + 0.25% at 10M ohms with 
been designed for accurate measurement in labora- a scale span of 15mV. Full details in Technical 
tories and research departments, but are of such Publication 2042. 

robust construction as to be equally suited to in- 

dustrial conditions. Recorders are normally supplied SE ee ae go ee ee ot ae ee 
with a constant-current supply unit which has SUNVIC CONTROLS LTD 


an accuracy of +0.1°% over a 1,000 hour period. P.O. BOX 1, HARLOW, ESSEX Tel: Harlow 25271 





Control and rerearch equipment for seconce aud tudustry 


An A.E.1 Company 


SC86 
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Ralaya 
that 
latch 

maqnetically 
and 

hold 
without 
wer 


We call them 
REMANENT RELAYS. 


They make obsolete the 
use of hold-on coils and 
contacts and are eminently 
suitable for DIGIT STORE 
and REMOTE CONTROL 
applications. Fitted with 
cores having a high 
retentivity rating, they 
latch-up on receipt of a 
signal and remain so 
without power, until the 
core flux is cancelled. 

Two versions—types 3,000 
and 600. Fitted with a 
variety of coil windings 
and contact assemblies. 
We shall be glad to give you 
full specification details. 


TMC 





REMANENT RELAYS 


TELEPHONE MANUFACTURING COMPANY LIMITED 
Relay Division 

Hollingsworth Works 

London S.E.21 

Telephone: GIPsy Hill 2211 
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By courtesy of the Manchester University. 


ymbolic of this age when science fiction 
is scarcely written before it becomes 
fact, the radio telescope at Jodrell Bank 
emerges as man’s first major link with a limit- 
less universe. For this vast undertaking of 
mechanical and electronic precision only 
materials and components of the highest 
quality were used, and we are understandably 


proud to record that Dubilier capacitors and 





resistors were chosen by Messrs. Dunford & 
Elliott (Sheffield) Ltd., as suppliers of the 


control equipment. 


DUBILIER CONDENSER CO. LTD., DUCON WORKS, VICTORIA RD., NORTH ACTON, LONDON, W.3. Tel: ACOrn 2241. Grams: Hivoltcon Wesphone kontee 
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FROM THE RANGE OF Advance SERVICE INSTRUMENTS 
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WIDE RANGE 
150 k/cs to 220 M/cs 





Advanee $662 


RATOR 
siGnat GENES 













mane 








IN ENGLaNd- < 
<<< 


MOVABLE CURSOR 


FOR ADJUSTING CALIBRATION 


TYPE SG 62 


WIDE BAND SIGNAL GENERATOR --- and at the right price 


£38 


NETT PRICE 
in U.K. 


Here is another “Advance” contribution 
to quicker and more efficient servicing—a 
signal generator with a phenomenally wide 
range covering all carrier and _ inter- 
mediate frequencies used for sound and 
television. 









Note the features, remember the “Ad- 
vance”’ reputation for reliability, consider 
the modest price—surely the finest value 
for money yet offered in its sphere. 


Send for fully descriptive leaflet No. M 45. - to be sure! 






dvante COMPONENTS LIMITED 
— Cntr —— 


GD75 ROEBUCK ROAD « HAINAULT * ILFORD * ESSEX TELEPHONE : HAINAULT 4444 
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The first ever 
LOW PRICED 









The Siemens Ediswan Beta Tester is the only 
reliable, robust transistor tester manufactured by a famous maker 

and offered at such a low price. If you use or sell 

P-N-P transistors this is the instrument you want for making 
quick, accurate, run-of-the-mill tests—and it doesn’t have to be 

handled with kid gloves. See what it gives you: 
@ Current Gain (8 ora’) read directly off calibrated dial (using audible signal) 

at collector current of 0.5—4 mA. 
Leakage Current measured on meter at fixed collector voltage of 9 volts. 
Quick release terminals connect transistor under test. 
Fully transistorised. 
Die cast alloy case. 
Fastest for all transistor testing (Common emitter conditions). 
PRICE £11.0.0Q. (Terms to Trade and Industry available on request) 


econ SIEMENS EDISWAN BETA TESTER 


£¥Diswa® 
<a SIEMENS EDISON SWAN LIMITED 17 4.E.1. Company. 155 Charing Cross Road, 





London, W.C.2 and branches. Telephone: GERrard 8660. Grams: Sieswan, Westcent, London 
CRC 17/20 
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the Gresham Background 





THE CONSORT RANGE 


Low cost and high quality are usually conflicting factors - 
but not in the Gresham CONSORT range of transformers 
and chokes. Cost-wise they are a commercial proposition 
for the most down-to-earth equipment - their performance 
has been proved in a wide variety of |applications (both 
industrial and electronic) over a period of years -and 
behind their production in quantity stands a generation 


of Gresham know-how. 





TRANSFORMERS LTD. 
ELECTRONICS DIVISION 


LION WORKS, HANWORTH ESTATE, FELTHAM, MIDDX. 
Telephone: FELTHAM 6661 
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..- @very time this happens 
someone saves 1% a hole 





Readymade self-anchoring female threads inserted at high speed in light alloy 
materials and plastics.—This is the simple process that is revolutionising costings 
for the secure fastening of non-structural parts. 

Heli-Coil Push Type Inserts are metal screw thread inserts that eliminate tapping, 
solid bushing and the wastage ordinarily involved in working on materials with 
poor screw thread properties. When the Heli-Coil Insert is used rejects on the 
assembly line because of faulty threads are something quite unknown. 

\ / The Heli-Coil Push Type Insert can be hopper fed and power inserted into the 


component after moulding, permitting a fast moulding operation. It is a necessity 





for the automation production line layout. Installation tooling can be had on 


purchase or rental. May we make an investigation for you? 


On request—more details in Sales Leaflet APL. 40/4. 





Push Type Inserts 
The thread you push in 


low cost secure fastening for non-structural 
1909 , 
GOLDEN JUBILEE parts.... perfect for the automation 
1959 production line layout 


* HELI-COIL is a registered trade mark 





ARMSTRONG PATENTS CO. LTD. EASTGATE, BEVERLEY, YORKSHIRE. Tel: Beverley 82212 (6 lines) 
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leads to your neeo 
in TRANSFORMERS 






One of a range of special 
transformers and chokes 
made to customer’s 
specification. 





ST. HELEN'S AUCKLAND, CO. DURHAM ___ ",,,{ivminsham Ofce: 
Phone: West Auckland 551/5 Grams: Solenoid, West Auckland Telephone : Central 390! 





Westool also make: A.C. & D.C. Solenoids, Coils & Coil 
Winding Machines, Warner Electric Brakes & Clutches, 
Air Conditioners, etc., and are Sole Selling Agents for the 
relays, sensing devices and micro-components manufac- 
tured by A. P. Besson and Partner Ltd. 
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Encased transformer for indoor use made to B.S.171! or B.S.794 in 
ratings up to 5 KVA single phase and 20 KVA three phase at 50 cps. 


Fully shrouded single phase transformer 
for ratings up to 500 VA at 50 cps. 









Hermetically sealed, oil filled, ‘C’ cored transformers and 
chokes to RCL 215 for ratings up to If KVA at 50 cps. 


You can place complete reliance on 
Westool transformers which are made 
and tested in a modern factory on the 
most up-to-date equipment. 

Westool ‘know-how’ on transformer 
design and manufacture is based on 
experience extending over very many 
years. They specialise in the pro- 
duction of small transformers up to 
2,000 VA for sealed can transformers 
and 5 KVA single phase—18 KVA 





Open type single phase transformers to B.S.171 
or B.S.2214 for ratings up to 5 KVA at 50 cps. 


three phase. 
Make use of the Westool technical Baa 
advisory service and send now for DONT BE PREHISTORIC - 2° 
binder of data sheets covering ‘ 
standard types. BENEFIT FROM WESTOOLS li 
UP-TO-DATE MANUFACTURING 
oe ole TECHNIQUES! 
intral 3901 


TRANSFORMERS 
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TURRET 
LUGS 


Not just one type but over fifty 





xX 


A ZY 
—_— 
_— 
— 
— 
—= 
— 
— 


varieties to choose from stock, 
and many more at short delivery. 


Also your own designs 





made to order 


Not mass 





produced down toa 


| 


| 


price but individually 





machined to a precision 


standard—and assembly too! 


ONLY 


HARWIN 


CAN OFFER THIS! 


HARWIN ENGINEERS LTD. RODNEY ROAD PORTSMOUTH HAMPSHIRE Tel. PORTSMOUTH 35555 
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The new E.M.I. OSCILLOSCOPE TYPE WMi6 is a wide-band, 
highly sensitiveinstrument of great flexibility and range. It has 
outstandingly high performance, vet is considerably cheaper 
than others in the same class. Compact and convenient to 
operate, the WM16 makes use of plug-in units to increase its 
flexibility and ease of maintenance. This is an ideal instrument 
for government establishments, universities and industrial 
concerns. In addition to meeting the needs of general 
laboratory electronic work, it can be used for radar, television, 
computers and millimicrosecond oscillography. 
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MAIN CHARACTERISTICS of the E.M.I. Oscilloscope type WM16 





BAND WIDTH DC-40 Mc/s 
MAXIMUM SENSITIVITY 50 mV/cm at full bandwidth 
TIME BASE SWEEP SPEED 20 my secs/cm -0.5 secs/cm 
TIME BASE DELAY 1 ys/-0.15 secs 
MEASURING ACCURACY + 38% 
SIGNAL DELAY 0.2 u secs 
PLUG-IN UNITS These include: 
Wide band unit, Dual trace unit. 


ANCILLARIES Attenuator Probes, Viewing Mask, 
Termination Pad, Trolley, Cameras, 
Binding Post Adaptor 














Please write for full details to: 


E.M.I. ELECTRONICS LTD. 
INSTRUMENT DIVISION * HAYES * MIDDLESEX * SOUTHALL 2468 
EE36 
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CHANNELLING 
EQUIPMENT R60B 







© For 60 carrier channels 

© Fully transistorised and compact 

© €.C.1.1.T. Performance 

© Advanced components, methods and design 
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© Inbuilt signalling equipment 
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This equipment combines up to 60 speech 
circuits, in 5 groups of twelve, into a composite 
signal for v.h.f. or u h.f. radio transmission. 
The design is new throughout and the 
advantages of modern components and 
circuitry have been fully exploited. For 

details request leaflet. Tel. 3302 
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TRANSMISSION EQUIPMENT TYPE CM. 


AUTOMATIC TELEPHONE & ELECTRIC CO. LTD 


STROWGER HOUSE, ARUNDEL STREET, LONDON, W.C.2 


q 


ELECTRONIC ENGINEERING 82 AUGUST 1959 














EE 12 087 for further details 










Precision Potentiometers.. 








Helical Potentiometer. Type PX/4/H.10 
Turnings 3 and 10. 














Using only the finest ceramic as in- 
sulation,. and with complete rings for 
maximum strength, P. X. Fox potentio- 
meters are approved by all Government 
Departments and are especially recom- 
mended for tropical service. 






Toroidal Potentiometer. Type 
B and E with ball races. 





For full details and specifications of 
the large range of toroidal and helical 
potentiometers, please write to: 


P.X. FOX LTD., 


Specialist Manufacturers of Potentiometers, 


Hawksworth Road, Horsforth, Yorks. 
Tel: Horsforth 2831/2. Grams: Toroidal LEEDS. 
















London Office: 104 Chislehurst Road, Orpington, Kent. 
Tel: Orpington 21031 


Ceramic Potentiometer, 
eight sizes 10—1,000 watts. 









Low Torque Sub- 
miniature, Type F and G. 
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Aldis 
Digilite 





Improved projection-type In-Line 
Indicator offers the following 
unique advantages: 


Increased figure size for more effective display. 


Quick-release lamp unit for easy lamp change. 





Flush panel mounting for wider angle of view and enhanced panel 


. k- | . 
Quick-release lamp unit for easy ap i. 


replacement of bulbs. 
The ALDIS DIGILITE comprises 12 lamps in a special quick-release 
lamp housing and an optical lens system for protecting a brightly 
illuminated figure-character on to a viewing screen when a lamp is 
switched on. The main advantage of this method is that the image 
always appears in the same plane, giving a wide angle of view. Units 
can be banked together to give (for example) the read-out on a digital 











Ie: 











— voltmeter, and numerous other applications exist. 
Large numbers (1.2” high). Angle of View. 75° off axis in all Width. 1.562’. 
A b : directions. ha 
ny number of units can be Fixing Holes. 6BA on 2.25” 


grouped together. 


A PULLIN GROUP 
PRODUCT 





PULLIN 





R. B. PULLIN & 


PHOENIX WORKS 
Cables: PULLINCO, WESPHONE, LONDON 
ELECTRONIC ENGINEERING 


GREAT WEST ROAD 


6.3 volts, 0.3 amps. 
1.2” high. 


Lamps. 
Figure Size. 


Figures. 0 to 9 inclusive, and two 

decimal points, one before and 
one after a figure. 
Any reasonably alternative set of 
12 hieroglyphics could be con- 
sidered, but if two or more are to 
be projected at any one time, we 
should require detailed notice of 
requirements in good time. 


Length. 5.50”. 


Height. 3.00’. 


centres on a vertical centreline 
of the number. 


Panel Aperture. 
1.562” wide. 


Screen Size. 1.875” high x 1.562” 
wide. The screen has a neutral 
tint which darkens the back- 
ground on which the figures are 
projected since ambient light 
must pass twice through the 
screen material while light from 
the projected figures passes once 
only. 


Weight. 


2.012” high x 


9 ozs. or 258 grams. 


COMPANY LIMITED 


BRENTFORD 


MIDDLESEX 


Please note our new Telephone Number: |SLeworth 1212 
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4300 range of 


=. = e gc}. High Stability Carbon 


Film Resistors 











The 4300 range of carbon film resistors is 
available where a reliable high stability close 
tolerance resistor is required for use in critical 
circuits. 

The range comprises five main groups— 
1/;9W., 14W., AW., 34W., and 1W. Within the 
limits listed below resistors are available in 
all preferred values. Other values can be 
supplied to Order. 





























Send 
for 
% WATT-RESISTANCE 4°3 to 4°7M2. Leaflet 
(approved to RC2.E of RCS1I12 issue 2 from 102 to IMQ) 
. No. 
MF /104 
Xo WATT-RESISTANCE 10 to 470K 








Standard Telephones and Cables Limited 


Registered Office: Connaught House, Aldwych, London, W.C.2 
EDINBURGH WAY + HARLOW «- ESSEX 


COMPONENTS 
GROUP 
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brandenburg 


high voltage engineering 





I to 10kV at 2 mA. Model A 


10, 20 and 30 kilovolt regulated supply 


Type S$0530/5, model C 


polarity 
regulation 


dimensions 


output 


output 
2 to 20 kV at | mA. Model B 

3 to 30 kV at $ mA. Model C 

200/250 volts, 50 cycles 

positive or negative grounded available 
against full load: better than 0.5% 
against mains variations 

+5%,—10%. Better than 1% 

5” Ernest Turner movement 

current metering jack 

standard 19” x 10}” P.O. panel 

for rack mounting or bench use 


eis .. 


50 kilovolt regulated supply 
Model $0550 


50kV at mA 

200/250 volts 

positive or negative grounded available 

against full load: better than 1% 

against mains variations:+5%/,—5%. Better than 1% 
Ws: 250" H: 23° D: 119” 


£245 overs 


input 
polarity 
regulation 





input 





regulated unit 


output volts 


output current 
heater supply 
polarity 

effective resistance 
stability 

ripple 

input 
dimensions 


Regulated unit power supply—type DTR/300 


power supply 


a compact and finely engineered 
instrument at a remarkably 
low price 


type DTR—3 models 


350 V, nominal. Model 350 

300 V, nominal, Model 300 

250 V, nominal. Model 250 

any two of these models may be used in series 
0-200 mA maximum 

two supplies at 6.3 volts, 3 amps each 
reversible 

0.1 ohm 

against + or — 10% mains change: 0.02% 
less than | mV 

100/125 volts—200/250 volts, 45/60 cycles 
” x Y X TH high 

supplied with sturdy fixing brackets 


£39.10.0 ..... 





regulated D.C. power supplies by Brandenburg 


Contractors to the 
Ministry of Supply 





ELECTRONIC ENGINEERING 





Brochure on request For further details of the Brandenburg range of standard and specialized equipment, please write for brochure 


BRANDENBURG LIMITED 


139 Sanderstead Road, South Croydon, 


86 


Surrey. SANderstead 3555/6 
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Waveguide admittance 


determined 
in 20 seconds 


with the 


Automatic Admittance Plotter 


> For laboratory or production testing 
> Available for 6%, 8% or 12% of X-band 


> Accurate, easily-read display on a ‘Smith’ chart 


> Easy to operate 


Associated Electrical Industries supply a range of first-class test 


equipment for X-band and S-band, for rectangular waveguides 


and concentric lines. 


For further information and technical data please write 
for publication G11028. 


ASSOCIATED ELECTRICAL INDUSTRIES LIMITED 


ELECTRONIC APPARATUS DIVISION BLACKBIRD ROAD, LEICESTER, ENGLAND 
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new method of measuring 


rotary speeds 
NT : 
LU 




















No mechanical, magnetic or 
optical linkage of any kind 
means no load on the machine 
under test, no inertia or 
centrifugal effects to limit the 
range of application, no 
elaborate setting-up routine. 
Sensing is by capacitance only, 
and is unaffected by vibra- 
tion, temperature, light con- 

ditions, the presence of 
oils, etc. 





OT 














The sensing probe makes no con- 
tact with the shaft being measured, 
only the point is placed in prox- 
imity. It produces a series of 
voltage pulses at a p.r.f. depending 
on the speed of rotation, and these are 
interpreted as r.p.m. by the direct- 
reading electronic tachometer which can 
be up to several hundred yards away if 
| necessary. Operating costs are negligible, 


The sensing probe head 
is shown actual size: 
interchangeable 

probes of any 

required size 
or shape 

are available, 








and accuracy is maintained even under 
adverse working conditions. 


THE GRUNTHER TYPE CTM-! 


capacitance sensing tachometer 
0-200,000 RPM. ACCURACY BETTER THAN 2% 





Please write for illustrated brochure 


Industrial 
Developments Ltd 





GRUNTHER INDUSTRIAL DEVELOPMENTS LTD. 14, Oriental Street, London E.14 ® EASt 54879 & 1373 
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Wwi | . goa Conforming to Sections B & C of Specification EL1930, M.O.S. (Air) 


Siemens Ediswan PTFE insulated instrument wire, developed for certain highly 















specialised services, has a wide potential field of application in modern 
electronic engineering. The physical and electrical properties of PTFE make it the 
best material available wherever the emphasis is on performance 
and complete stability. In brief, PTFE has these advantages : 
w Stable at all temperatures from —75°C to +250°C 
High dielectric strength 


Low dielectric constant 


® 
w High resistance to corrosives and solvents 
ws Non-chafing and self-lubricating 
mw Available in 11 colours 
sw Non-adhesive 
PTFE is extremely difficult to form, but we have considerable pioneering 
experience in its processing and fabrication. As a result we are able to produce 
PTFE insulation by extrusion with concentricity guaranteed to close limits. 
We are anxious to extend the uses of this wire and will gladly supply 
interested manufacturers with samples for them to test. If we can help you with 


information on the use of PTFE in any shape or form, please let us know. 


——— Send your enquiry to: 


sit MENs SIEMENS EDISON SWAN LIMITED <4: A£.. Company 
m PTFE SECTION (PD!17) 

155 Charing Cross Road, London WC2 

Telephone: GERrard 866U. Telegrams: Sieswan, Westcent, London 


EDiswa™ 
iia 





cnc 19/17 
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SILICON 
RECTIFIERS 


up to 600 Volts PIV. 
3 amps 











TEXAS SILICON RECTIFIERS Offer excellent high temper- 
ature characteristics. For example the stud-mounted 
type gives an output of 3 amperes at 50°C and will 
still provide 1 ampere at 150°C with no change in the 
rated peak inverse voltage. The rugged, welded housing 
with glass-to-metal seal provides high resistance to 
shock and vibration. Listed in the table below are the 


characteristics of representative devices of each type. 

Have you received your copy of the latest Texas 
Application Report ‘‘D.C. Power Supply Circuits using 
Silicon Rectifiers ’’? If not, or if you require fuller details 
of Texas Rectifiers, please write your name and 
address in the margin and return this advertisement 
to us. 


















































" 18401 18405 

Symbol 18001 18005 18111 18115 
MAXIMUM RATINGS — incon 
Peak Inverse Voltage at - 65°C to + 150°C PIV 200V 600V 200V 600V 200V 600V 
Average Rectified Forward Current at + 50°C I, 750mA 750mA t 400mA t400mA *3A *3A 
Average Rectified Forward Current at + 150°C Ip 250mA 250mA 150mA 150mA *1A *1A 
Recurrent Peak Forward Current at + 50°C ij T2-5A T2.5A T1-25A T1-25A *10A *10A 
Surge Current for 10 Milliseconds Ipc 16A 16A 6A 6A 33A 33A 
Operating Temperature, Ambient Ta —65°C to + 150°C. 
SPECIFICATIONS 
Minimum Breakdown Voltage at + 150°C Vz 240V 720V 240V 720V 240V 720V 
Maximum Reverse Current at P.I.V. at +25°C Ll, 10uA 10unA 0-2nA 0-2nA 10uA 10uA 
Maximum Forward Voltage Drop at + 25°C Ep 1-0V 1-0V 1-0V 1-0V 1-1V 1-1V 

(I,=500mA) (I,=400mA) (Ip=1 Amp) 

* Rectifier mounted on 2” x 2” x 4” aluminium Heat Sink t @ 28°C 








TELEPHONE: BEDFORD 68051 DALLAS ROAD BEDFORD CABLES: TEXINLIM BEDFORD 


TEXAS INSTRUMENTS LIMITED WO 
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(Gecolite | ASSEMBLIES. Adjustable Ferrite Cores 


TYPICAL ADJUSTMENT CURVES 


GA 176] | | |GA 131 


j 
At 
[ays 











x 


TYPICAL ‘Q* CURVES 
GA 132 “3 . 


T 


, ; ; > ) | l 
af | x VCG VCGA (76 

t i \ t } | 1192" 1450 
HEN ene rR TS 


~ 
‘ 





100 


Y 


wy 
VDGA 132 





FREQUENCY IN~ Kes 


In Grade P. Gecolite, nominal 
initial Permeability 1200/1800 


_ [Bobbin Winding Area Write for Data Sheet 592 


in 
S.E.1. Type No. 3 FI 


DGA 


Vv 
VOGA 
VOGA 


ELE 
SLE eee 


¥With adjusting core in minimum position. non-adjustable cores, ask for 
Data Sheet 591 


LFORD ELECTRICAL INSTRUMENTS LIMITED 
M.ES MILI HEYWOOD +: LANCASHIRE. Tel: Heywood 6868 


] 


SA 


\ 
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|Mullard 


ET51 


The ETS! may be used as a direct 
replacement for the American 6700. 
It is fully available and you are 
invited to write on your company 
notepaper for data, on this and other 
Mullard counting tubes. 





GOVERNMENT AND 
INDUSTRIAL VALVE DIVISION 
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1 Mc 
Decade 
Tube 


TROCHOTRON ET51 








Counting speeds of | Mc/s and above, and a current 
output of 5.5 mA..... this is the performance of the new 
Mullard ETSI. 


The ETSI is a trochotron decade stepping tube which may 
be used as a counter or selector. It has a comparatively 
large output which is sufficient to drive a direct read-out 
number tube or a decade point indicator tube. 

The high speed capabilities of this tube are of particular 
use in nucleonic scalers, decimal computing equipment 
and electronic switching circuits. In these and similar 
applications, the ET5I with its relatively simple circuitry 
can effect considerable economies compared with more 
conventional methods. 


MULLARD LIMITED - MULLARD HOUSE 
TORRINGTON PLACE - LONDON - W.C.I 
TELEPHONE: LANGHAM 6633 
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Commentary 


ITH the prospect that the world’s reserves of coal 
Wana oil are within a measurable period of exhaustion 
it is to be expected that considerable efforts would be made 
to find alternative sources of energy. In Great Britain, 
the problem has been particularly. acute although the 
nuclear power stations which are now being built will go 
a long way towards providing an abundant supply of 
power for practically all industrial and domestic purposes 
when our coal supplies are no more. 

There are however many circumstances where energy is 
required in varying amounts and where the demand can- 
not be supplied from an electricity network, and there exists 
therefore the need for a self-contained energy producing 
source which does not utilize the shrinking reserves of 
fossilized fuels. 

Great interest has therefore been aroused by the recent 
announcement by the National Research Development Cor- 
poration that a “fuel cell,’ capable of delivering useful 
amounts of electrical energy, has been developed by a 
team of Cambridge scientists led by: Mr. F. T. Bacon who 
has teen intimately associated with the project for more 
than twenty years. 

The fuel cell is however not new. It was originally en- 
visaged by Sir William Grove as far back as 1839 and the 
first practical cell was actually made to work at the turn 
of the century but the lack of suitable materials and tech- 
nology prevented its further exploitation. 

However, interest has quickened in the post-war period 
and a ten-year research programme at Cambridge Univer- 
sity sponsored by the Electrical Research Association and 
the Ministry of Power led to the National Research 
Development Corporation placing a development contract 
in 1957 with Marshall of Cambridge Electronics Ltd. 


The United States have shown a considerable interest in 
the development of the fuel cell in this country. and already 
an American company has become a licensee of the Cor- 
poration and has now manufactured fuel cells of the Bacon 
type for use with the American Air Force. 

The fuel celi is an electro-chemical device in which the 
free energy of combustion of a fuel is converted directly 
into electrical energy. The type developed at Cambridge 
uses hydrogen and oxygen as its fuel, producing about 5kW 
at 24V with an efficiency of about 80 per cent. This 
hydrogen-oxygen cell, as it is called, operates in fact by 
a simple reversal of the process of electrolysis of water. 

The Bacon fuel cell consists of 40 unit cells each of 
10in diameter giving an output of 24kW at 32V or S5kW 
at 24V under maximum load conditions. 

Each unit cell consists of two electrodes, one for hydro- 
gen and the other for oxygen, separated by electrolyte. The 
electrodes are made of porous sintered nickel with a thin 
layer of a smailer pore size on the liquid side. The oxygen 
electrode is treated with lithium and pre-oxidized to pre- 
vent corrosion. The electrolyte is strong caustic potash, 
and working conditions are around 200°C and 400Ib/in?. 
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The electrolyte soaks into the sintered metal but, on the 
application of the gas under pressure from the back of the 
plate, is expelled from the larger pores; the gas cannot 
bubble through the smaller-pored surface owing to the 
surface tension of the liquid. There is thus a very large 
surface of wetted sintered metal in contact with gas in each 
electrode—about forty square metres. 

Oxygen molecules on the positive electrode combine with 
water to form negatively charged hydroxyl ions which each 
remove an electron from the oxygen electrode. The 
hydroxyl ions migrate through the electrolyte to the nega- 
tive electrode, where they combine with the hydrogen to 
form water, depositing an electron in the process. Thus 
the nydrogen electrode becomes negatively charged with 
respect to the oxygen electrode and a current flows in the 
external circuit. 

In order to remove the water formed, the hydrogen is 
circulated past the back of the hydrogen electrodes and the 
mixture of hydrogen and steam is cooled externally, so that 
the condensate can be released as required. 


The pressure of the two gases must be very evenly 
balanced if damage is to be avoided and this requires a 
very accurate control system. The system now evolved 1s 
to keep the oxygen pressure constant and to control the 
hydrogen pressure against it by a very accurate differen- 
tial pressure meter, actuating a power-operated inlet valve 
controlled by a servomechanism. Other problems of 
initial heating and subsequent cooling have also had to be 
solved. 

It can be said that the hydrogen-oxygen cell has com- 
pleted the second stage of development and is now 
approaching the commercial proposition of a completely 
automatic and reliable battery, capable of producing 
power at a moment’s notice in a practical installation. 
Among the advantages claimed for the fuel cell is its ability 
to withstand large overloads at reduced efficiency without 
damage. It is silent and free from vibration in operation, 
it has few moving parts and the “exhaust” is only water, 
advantages which make it particularly attractive for cer- 
tain types of transport applications. 


Charging of the fuel cell is a simple process and consists 
merely of refilling with the two gases, a step which will be 
much simplified when new methods have been evolved of 
storing hydrogen and oxygen either in liquid form or as 
compressed gas at a very low temperature. 


Production of the gases will, it is supposed, be obtained 
by the electrolysis of water so that in this regard the fuel 
cell may also be looked upon as an electrical accumulator, 
for power for the electrolysis process can be obtained 
during the off peak periods of the electricity supply. 


It is unlikely, however, that the fuel cell battery could 
be competitive with existing types of accumulators in small 
sizes owing to the high cost of control gear in comparison 
with the overall cost of the plant. Power outputs of less 
than 100W are not likely to be economic. 
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A Domestic F.M. Receiver using Diffused 
Base Mesa Transistors 


By M. Applebaum* and E. Midgley* 


This article discusses briefly the characteristics of the diffused base mesa transistor and describes its 
use in the r.f. and i.f. stages of a domestic f.m. receiver. Performance details for the complete 
receiver are given. ; 


(Voir page 505 pour le résumé en francais: Zusammenfassung in deutscher Sprache Seite 509) 


B Soer-ntpnaaieters with alpha cut-off frequencies consider- 
ably greater than 50Mc/s are now becoming available. 
An increase in the upper limit of operating frequency of a 
transistor requires a reduction in the transit time across the 
base region. This can be achieved not only by decreasing 
the base width, but also by grading the impurity content 
through the base region. The graded base structure pro- 
duces a field which accelerates the injected carriers across 
into the collector region and can decrease transit time by a 
factor of 3 or 4.! In addition, since the collector side of the 
base is lightly doped, the depletion layer at the collector 
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Fig. 1. Simplified manufacturing process 
(a) Collector body 

(b) Evaporation process 

(c) After alloying, lacquering and etching 





junction extends well into the base and gives a low junction 
capacitance. Typical values for the collector junction capa- 
citance are 0°5 to 2pF. 


The Diffused Base Mesa Transistor 
CONSTRUCTION 


Transistors in which the base region is formed by solid 
state diffusion of an impurity into a previously formed 
collector region have the graded base structure previously 
mentioned. The germanium high frequency diffused base 
mesa transistor is such a device® and its construction will 
now be briefly described. The basic steps in the fabrication 
of the device are illustrated in Fig. 1. An n-type impurity is 
diffused from the vapour state into a wafer of p-type 
germanium, which forms the collector body of the tran- 
sistor (Fig. 1(a)). The diffusion process permits close con- 





* Texas Instruments Ltd. 
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trol of the base width. Emitter and base contacts with 
dimensions of only a few thousandths of an inch are then 
deposited on the n-type surface by evaporating aluminium 
and gold through a masking gratule (Fig. 1(b). The tem- 
perature of the wafer is then raised until the aluminium 
contact alloys into the n-type germanium. Since the 
aluminium is a p-type impurity the emitter-base p-n junc- 
tion is formed on re-crystallization. A large number of 
potential transistors can be formed in one germanium wafer 
in this manner. After the alloying process the individual 
transistors are masked and the wafer is etched to remove 
excess n-type material and reduce the area of the collector 
junction. This leaves the emitter and base contacts on a 
raised surface or plateau, giving rise to the descriptive term 
“mesa”, which derives from the Spanish word for a plateau. 


Cc F 
. Gie 
e fy 4 
Cel % 
fe 4’ 





Te 
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Fig. 2. Equivalent circuit for diffused base transistor 


The units are then separated and mounted on “headers”, 
and wires are pressure bonded to the emitter and base 
stripes. 


CHARACTERISTICS AND EQUIVALENT CIRCUIT 


A simple high frequency equivalent circuit is given in 
Fig. 2. It has been demonstrated that this equivalent** 
circuit is valid at frequencies which are sufficiently high 
for the collector junction resistance to be negligible com- 
pared with the reactance of the collector junction: capaci- 
tance, and up to the alpha cut-off frequency. The resist- 




















TABLE 1 
Characteristics of Type A and Type B Transistors at 1.=2mA, 
Veo=6V. 
TYPE A TYPE B 
faco .. .. 450Mc/s Saco 5, .. 90Mc/s 
rp’ es -« a rp’ si -o tam 
CautCe: -. -. IF CatCes .. 4pF 
M.A.G. at 100Mc/s M.A.G. at 10-7Mc/s 
Calculated .. 9dB | Calculated 27dB 
Measured 10dB Measured 25dB 
y parameters at 100Mc/s y parameters atl10-7Mc/s 
(mmhos) (mmhos) 
Yu .. 12:5-—j50 | Yu’ s+. Say 
Vas .. 90+j25 | Yn’ .. 0:2+j0-5 
Ya -- 7:6—j19°S | Yer’ -- 39:4—j23-4 
Vie .. 02+)! Vis’ .. 08+ j0-26 
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ance r.’ in this circuit is the bulk resistance of the collector 
body. In transistors with larger junction areas this resist- 
ance is negligible for most applications. The capacitance 
Ce is due to the header. At the frequencies to be con- 
sidered here the characteristics of the transistor can be 
conveniently represented by the y-parameters of a four- 
terminal network, and maximum available power gain 
(m.a.g.) can be calculated in terms of these parameters. 
Assuming that the generator and load admittances 
(yz,yt) are finite 
4 yal? G. Gr 





mag = - —. la) 
. [vu + VeM(Yrx +yi)- Yeyal ( 

where yz = Gg + jB: 

and yr = Gy + jBr 
For a unilateralized stage, i.e. where yi: = 0, and for con- 
jugate matching Gu = Gy, Bu = — By, and Gx = Gi, 
Bx = —B,, this reduces to, 

ae oe (1b) 

om  ~T:" 
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Fig. 3. Circuit diagram of tuner 


In the receiver described, two experimental types of dif- 
fused base transistors are used. These are referred to as 
‘Type A° and ‘Type B’, and typical characteristics are 
given in Table 1. 


Typical Specification for a Domestic F.M. Receiver 

A survey of current domestic f.m. valve receivers indicates 
that the following specification might be acceptable for a 
transistorized receiver. 


MOR gis Sina ya pews dleh.cne oe 88 to 100Mc/s 
Intermediate Frequency. .............. 10:-7Mc/s 
Input Sensitivity (SOmW output) ........ SuV 
Sensitivity for 10dB signal-to-noise ratio .. 10uV 

Second channel rejection .............. 30dB 
Adjacent channel rejection ............ 18dB 


This specification was used as a criterion in the design of 
the receiver. 


General Description of the Receiver 

The receiver operates from a 12V battery and uses nine 
transistors. The tuner has an r.f. stage and a combined 
mixer-oscillator, both using the type A transistor. The i.f. 
strip has two stages, with a third acting as driver for the 
ratio detector; all three use the type B transistor. The audio 
output from the ratio detector is amplified by two class-A 
stages and a class-B push-pull output stage; the former use 
2N185 transistors and the latter uses 2N291 transistors. 
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Assuming that the input is 5uV into 75Q the power gain 
necessary for 50mW audio output is 112dB. An audio gain 
of 75dB was arbitrarily specified, requiring 38dB from 
tuner and i.f. stages. The authors have constructed a three- 
transistor tuner using separate mixer and oscillator stages, 
but for reasons of economy the two-transistor circuit 
described is preferred. A single-transistor tuner is possible. 
However, this would require a high Q input circuit, (with 
high insertion loss causing reduction of signal-to-noise ratio) 
to reduce oscillator radiation and improve second channel 
rejection. The two transistor circuit gives a conversion gain 
of 20dB leaving a net gain of 18dB to be obtained from the 
if. stages. This does not allow for the conversion loss of 
the detector and its driver stage, which may be as much as 
20dB. Thus the i.f. amplifier was designed to give a net gain 
of at least 38dB. 


Yeo 
K Na K Ne b) 
Yin (a) ¢ Vin 
I, fl. is 
¥, K 


Fig. 4. Vector diagrams of r.f. amplifier 
V.. = Collector voltage 

I, = Collector current 
y 


‘in = Signal input voltage 


Yyo = Feedback admittance 


Ly = Feedback voltage at input = 


Yun 7 Veg 





FB 
@ = Phase-angle of Y», 


Ci 
Cs K : 
R > L 
+o } ¢/ ~~ % 


Mier. 


(a) (b) 








Fig. 5. Oscillator functional circuit and vector diagram 
V.. = Collector voltage 
Vr = Tank circuit voltage 
I, = Collector current 


I, = Current through C, 


V, = Emitter voltage 


R.F. Amplifier 

The circuit of the r.f. amplifier and mixer-oscillator are 
given in Fig. 3, Calculation showed that at 95Mc/s the 
grounded base configuration gave the greater gain and this 
was confirmed in a practical circuit. 


FEEDBACK CONSIDERATION 

Referring to Fig. 3, the tuned circuit, consisting of 
Li, Cs, Cs and the tuning capacitor, in the collector circuit 
cancels the imaginary part of (yx + yx) in the formula for 
maximum available power gain. However, the term 
(yu + ye) can still have an imaginary part and has, in fact, 
a slightly negative susceptance at 90Mc/s. The inclusion 
of capacitor C, tunes out some of this susceptance. Sub- 
stituting typical values in equation (1) shows that both these 
factors increase the m.a.g. 

The effect of C, is probably best illustrated by. consider- 
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ing the vector diagram. Fig. 4(a) shows the conditions when 
C2 is disconnected. J, lags on Vin by an angle ¢. At reson- 
ance, V. and J, are in phase, and the feedback current due 
to yx, i.e. Voy, leads V. by nearly 90°, since yz is almost 
entirely capacitive. As (yu + yz) is inductive the feedback 
voltage, Vcyz/(yu + yg), leads the feedback current and is 
almost 90° out of phase with the signal input voltage, Vin. 

When C; is introduced, the feedback voltage is brought 
nearer in phase with the input voltage. This is illustrated in 
Fig. 4(b). In this way a measure of positive feedback is 
achieved and, in fact, this resulted in an increase of 5dB 
in the power gain of the tuner. The change of feedback 
phase on mistuning the collector load does not call for 
neutralization of the circuit, since yx is low enough to 
ensure stability at Band II frequencies. 


AERIAL MATCHING 

For a batch of type A transistors the real part of the input 
impedance averaged 75Q. Thus using a 750 aerial no match- 
ing transformer is needed. 


SELECTIVITY AND BANDWITH 

The collector tuned circuit should introduce minimum 
insertion loss, The unloaded Q of the coil (Qv) was 130, 
and the loaded Q (Qt) was 25. This corresponds to a band- 
width of 3-75Mc/s at the centre of the frequency band, 
which is quite adequate for good second channel rejection 
while it introduces no difficulties in tracking. The insertion 
loss of the tuned circuit is 1-86dB. 


Local Oscillator and Mixer 


A functional circuit of the oscillator, and the associated 
vector diagram, are given in Fig. 5. 


THE OSCILLATORY CIRCUIT 


The L/C ratio of the tank circuit, formed by L3:Cy» and 
the tuning capacitor, is low to ensure stability of oscillation. 
At the same time the risk of spurious responses being 
generated is reduced since the dynamic impedance of the 
circuit is also low. The use of a large capacitance in the 
tuned circuit has the advantage of making the frequency of 
oscillation almost independent of supply voltage, since it 
masks any. variation of output capacitance of the transistor 
with collector voltage. In practice the L/C ratio was chosen 
to give a dynamic impedance of about 3kQ. If a lower 
value is used oscillations are likely to cease when the supply 
voltage falls below 8V. Drift of oscillator frequency with 
temperature in a transistorized tuner is almost entirely due 
to changes of ambient temperature. Correction for this can 
be achieved by using a capacitor for C1: with appropriate 
temperature coefficient. 


THE MIXER 


The signal is injected into the emitter circuit of the 
oscillator/mixer by inductive coupling. This method was 
chosen to reduce oscillator radiation. The emitter circuit is 
at a voltage antinode, and a node of oscillator current, so 
that very little current at oscillator frequency is fed into 
the r.f. amplifier. The resistor R; is obviously essential if 
there is to be feedback from the oscillator tank circuit to 
the emitter, but it unfortunately causes some attenuation of 
the signal. Hence R; is kept as small as the maintenance of 
adequate oscillator feedback allows. Transistor mixing 
circuits are of the square law type; the working point is 
moved over the low-level non-linear part of the base-emitter 
characteristic. The transistor will therefore operate as a 
mixer for any signal frequency at which the base-emitter 
junction exhibits diode characteristics and provided that the 
transistor will amplify at the i.f.6. The primary winding of 
the i.f. transformer and its stray capacitance have a dynamic 
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impedance of 60kQ at 90Mc/s, and the winding is critically 
coupled to the secondary, Ls, at 10-7Mc/s. The transformer 
has an insertion loss of 8dB, and the total power gain of the 
tuner is 20dB with a signal-to-noise ratio of 10dB at 2pV. 


The LF. Amplifier 

Assuming a peak deviation of 75kc/s and a maximum 
modulating frequency of 15kc/s the minimum bandwidth 
needed for 1 per cent distortion of sidebands is approxi- 
mately 250kc/s’. It would, however, be difficult, and un- 
economic, to get adequate adjacent channel rejection with 
this bandwidth and a compromise solution must be adopted. 
An acceptable bandwidth is 200kc/s with 18dB adjacent 
channel rejection. This can be readily achieved using double- 
tuned circuits. 





To next stage 
> 











Fig. 6. Simplified diagram of neutralization used 
a.g.c. 
R2 ce 
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AF output 
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Fig. 7. Typical balanced ratio detector stage 


The net i.f. gain requirement was stated earlier as 38dB. 
To this figure must be added the insertion losses due to 
the coupling circuits. Depending on how the bandwidth is 
defined, the insertion loss of a double-tuned circuit is 
generally greater than that of a single-tuned circuit*. In 
practice two i.f. stages were used, one with a single-tuned 
circuit load and the other a double-tuned transformer. The 
latter, together with the double-tuned transformer in the 
tuner gives the required selectivity. If greater selectivity is 
desired both if. stages may use double-tuned circuits. 


INSERTION LOSSES 
The insertion loss (i.l.) of a single-tuned circuit is given 
by: 
AT 6 ee a.) ) a re (2) 
where Q1 = f./2Af, 2Af being the 3dB bandwidth. 


For a double-tuned circuit’: 


ce ok | 4K*QisOur + \ | , ; 
aL a. K°OurOis)? (1 —(Qie/Qur)) (1 —(Qts/Qus)) 
5 Ee ap eo (3) 





where K is the coupling factor, 


Q.r is the working uncoupled Q of the primary 
winding, 
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Qur is the unloaded uncoupled Q of the primary 
winding, 

and (Qs and Qvs are similarly defined for the secondary 
winding. 

If the coupling is critical, ie. K V(QteQis)= 1, and the Q 

factor of the primary and secondary winding are equal, 

equation (3) reduces to: 
il. = (1 —(Qte/Qur))? ..........-- (4) 


Furthermore, the transfer function of a double-tuned 


circuit is: 
2y2 2 p oY 2}: 
Ao/A=|{1 —- malian + eon) | ;.. &@ 
1+ K°Q.r" 1+ K*Q.r° 
where Y = (f/fo) — (fo/f) = 24f/fo 
When the coupling is critical, equation (5) becomes: 
of 2A oO ‘ : 
A,/A = I + Orr ad 
4 
So that the 3dB bandwidth is given by: 
2Af = V2f./Q 
Suppose that the bandwidth of the single-tuned circuit is 
arbitrarily taken to be 1Mc/s, and that Qv=100. The band- 
width formula gives Or = 10-7 and from equation (2): 
il. = (1 — (10-7/100)) 
= 1dB 
If the total bandwidth for the two double-circuits ‘is to 
be 200kc/s, the bandwidth of each must be 250kc/s. 


Therefore : 
Ove = V2 x (10-7/0-25) = 60-5 
If the unloaded Q is again taken to be 100, equation (4) 
gives: 





il. = (1 — (60-5/100))? = 8dB 
The total insertion loss in the i.f. amplifier is therefore 9dB, 
so that the total power gain provided by the transistors 
must be 47dB. This can be readily: achieved using two type 
B transistors. 


NEUTRALIZATION 

When reactive components are used in the collector 
and base circuits of a transistor the denominator of the 
expression for maximum available power gain can become 
zero; the gain is then infinite and the stage oscillates. 
Various methods have been suggested for unilateraliza- 
tion” and one which is convenient when double-tuned 
transformers are used is given in Fig. 6. 

For complete unilateralization: 

Cn = (m/nz) x (reactive part of 1/ y1’) 

Rn = (n2/m) x (real part of 1/yw’) 
However, it has been found that yw’ is predominantly a 
susceptance, and the neutralization network, can con: 
veniently consist of a single fixed capacitor. 

The tapping points on the primary and secondary wind- 
ings of the i.f. transformer were chosen to give the 
calculated Q values when loaded by the output and input 
admittances of the type B transistor. The complete if. 
amplifier is given in the circuit diagram of the receiver (Fig. 
9). The amplifier stability was good and the gain and band- 
width were in agreement with the predicted values. The 
spread of transistor parameters gave a maximum change in 
gain of 6dB, but the effect on bandwidth and centre fre- 
quency was negligible. 


The Detector and its Driver Stage 


The comparative merits of the ratio detector and the 
Foster-Seeley discriminator have been discussed in the 
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literature’. In this instance, a ratio detector (Fig. 7) was 
chosen, mainly because the circuit is self-limiting to a.m. so 
that no separate limiter stage is necessary. In addition, the 
circuit also gives a convenient a.g.c. output. No attempt 
was made to obtain selectivity. in the driver stage, since the 
damping of the tuned circuit by the detector varies with 
the signal level. 

The circuit gives maximum a.f. output when the d.c. 
voltage developed across the reservoir capacitor is maxi- 
mum", The optimum condition is when the load across the 
tertiary winding, L;, of the driver transformer is matched 
to the output impedance of the driver stage. The load 

















Fig. 11 Derivation of power gain 


across the tertiary winding is given approximately by 
(Ri + Re) Ri/4 (Ri + Re + Ra), where Ra is the dynamic 
impedance of the tuned secondary. The total conversion loss 
of driver stage and detector in the actual receiver was less 
than 15dB at 30kc/s deviation. The a.m./f.m. rejection ratio 
is plotted as a function of input voltage in Fig. 8(b); the 
test procedure outlined in Fig. 8(a) was used for these 
measurements. The calculated value given by the expression 
Ra/(Ra + Ri + R:) is 80 per cent which compares well with 
the measured value of 82 per cent. The transfer charac- 
teristics of the deiector is given in Fig. 8(c). In practice it 
was found that the forward resistance of the diodes was 
sufficient to allow R: to be omitted. 


Audio Amplifier 

The specified gain of 75dB can be obtained with three 
a.f. stages and still leave sufficient gain to allow negative 
feedback to be applied. The circuit of the a.f. amplifier 
is shown incorporated in the complete receiver; the design 
is conventicnal and only a brief description is given. 

Negative feedback is incorporated in the first stage by 
the inclusion of an unbiased resistor in its emitter, and a 
further 6d8 of feedback is applied from the secondary of 
the output transformer to the emitter of the driver stage. 
Push-pull cutput is used giving a maximum power output 
of 500mW at 5 per cent distortion. 
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Performance Figures of the Complete Receiver 

The circuit diagram of the complete receiver is given in 
Fig. 9. The performance figures given below were measured 
with a modulation frequency of 1kc/s at 30kc/s deviation. 


Sensitivity (SOmW output) ................ 3uV 
Sensitivity for 0-‘SW output ................ 10uV 
Sensitivity for 10dB signal-to-noise ratio .... 2uV 
Input for 10dB noise quieting .............. 6uV 
Second channel rejection .................. 28dB 
Adjacent channel rejection ................ 17dB 
a, MN ast accnetawiiwinis yeas Daud ee ew 198kc/s 
Total currert consumption at 0-5W output .. 100mA 
fo RR ete ee ear ey eer ase 20mA 
Total harmonic distortion at 400mW output 3 per cent 
348 bandwidth (ai) ............:, 100c/s to 15ke/s 


A photograph of the complete receiver is given in Fig. 10. 


Brief Constructional Details 

Printed circuit construction was used throughout the re- 
ceiver, the tuner being fully screened to keep oscillator 
radiation to a minimum. 

A 7in x 4in loudspeaker was used. Since this is located 
in the vicinity of the tuning capacitor, the latter was 
mounted on rubber shock absorbent fittings to reduce 
acoustic feedback from the loudspeaker to the vanes of the 
tuning capacitor, 

No attempt has been made to miniaturize the receiver 
but clearly a considerable reduction in size is possible de- 
pending on the choice of ioudspeaker and batteries. 


Conclusions 


The circuit described demonstrates that an f.m. receiver 
can be designed using diffused base mesa transistors to give 
a performance in line with that of valve domestic f.m. 
receivers. At this time, however, the cost of these devices 
precludes their use in entertainment applications. 

However, the mesa type of construction is potentially a 
low-cost manufacturing technique. There is no doubt that 
as manufacturing experience increases, the reduction in the 
price of these devices will be considerable and will lead 
to their being extensively. used in receivers for the enter- 
tainment market. 
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APPENDIX 


DERIVATION OF MAXIMUM AVAILABLE POWER GAIN IN TERMS 
OF y-PARAMETERS 


Referring to Fig. 11(a): 


a= Pe TF GD bia sce eho Saco ans hae (7) 

b= Oe Fe OE a o's. sees ieee oeswan (8) 

ke SS KORE cc ccc cc cccccccrcessces (9) 
Substituting equation (9) in (8): 

ye t+y 
—(e\/e) = Pile cages (10) 
yu 
The source generator sees an admittance: 
Y = yg + Yin (see Fig. 11(b) 
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so that: 
nae a. Wee _ 2 (y2 + yx) 
, Ye + Vin Vs. 
Therefore: 
—Igyn 
Cy ntcccees 11 
(Yiu + yz) (v2 + yr) a) 


Substituting equation (10) into (7): 
. ( Yi = 
= Gl ya — — 
Voo + VL 


2V21 
Ee... ee Se ete ear (12) 
yor + Yu 





Therefore: 
Ju = Ja — 


Hence: 
met Tyo 


nes eo AED 
” oe + yee + yu) — Yuya ( 





The output power is given by: 
P, = eG 
where Gy, is the load conductance. 


Therefore: 
I eyo" Gr 
P= — ra 
[yn + Ye My + yt) — yy a a (14) 


The input power to the transistor is: 
Pin = €:°Gin 
where Gi, is the real part of the input admittance, yin 


Therefore : 
1*Gie 
yy, ———s 
"(ve + Yin? 
and the power gain: 
yor Give si Yin)? 


~— = 15 
(yun + yey + yt) — yeya)? Gin (15) 


Ay = 








This is a maximum for conjugate matching of yz and yin, 
i.e., if 
Yin = Gin + jBin and Ve = Gz + jB,; 


then: 
n = Gz and Bin = —B, 
Under these conditions equation (15) becomes: 
4yor GeGr 


m.a.g. = ——__— ——_——, 
[vu , Ye ¥2 + Yr) = yrya)? 
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An Electrical Analogue for Heat Flow 
Problems in Semiconductors 


By N. L. Potter*, B.Sc., D.L.C. 


In semiconductor protection problems it was found necessary to be able to estimate the temperature 
of the semiconductor junction. 


This article shows the similarity between heat flow and current flow in a resistance capacitance 
network and hence the theory leading to the construction of an analogue for the study of junction 
temperature. 

A typical analogue is shown with oscillograph displays obtained from it. 

Other uses of the analogue are suggested and the possibility of three dimensional work is discussed. 


(Voir page 505 pour le résumé en francais: Zusammenfassung in deutscher Sprache Seite 509) 


[NX the study of protection systems and the rating of semi- 

conductors it was found that an important factor to be 
considered was the temperature reached by the junction 
during a conduction cycle. If a certain temperature is 
exceeded during overloads the semiconductor would be 
destroyed; also the operating temperature of the junction 
at full load has been shown to have a considerable effect 
on the life of the semiconductor. 

Some method of determining the temperature of the 
junction used was needed. It is not possible to use a 
thermocouple, as due to the low thermal capacity of the 
semiconductors the temperature almost follows the current 
waveshape. 

In the United States and elsewhere an electrical analogue 
has been used to solve thermal flow problems on steam 
piping and furnace walls, and it was decided to apply this 
system to semiconductors. 


Theory of the Electrical Analogue 


The analogue is based on the similarity between the laws 
governing the flow of current in an electrical circuit and 
the flow of heat in a solid body. These are: 


and for heat flow: — 


Re = V/ITand Ce => Q./V eeoereeves (1) 
and for heat flow: — 
R; = T/JandCc, = O:./T ee oeseeeee (2) 


In this article heat flow in one linear direction only will 
be considered, but it is equally true for all three dimen- 
sions. However, as will be shown later, a three-dimen- 
sional analogue becomes rather complicated and it has 
been found easier in practice te use an electrolytic tank to 
give the heat flow pattern, and then calibrate this with 
results from a uni-directional analogue. 

Consider heat flow along a solid bar (see Fig. 1). Assum- 
ing no loss of heat from the surface 

Heat flow at x is 

Jz = — KA dT/dx 
Heat flow at y is 
Jy = —KA d/dx (I + dT/dx x) : 

Difference is eR (3) 

This is the heat flow into the layer, or the gain of heat 
by the layer in one second. Before steady state is reached, 
the heat is employed in raising the temperature of the layer. 

Heat required to raise temperature of layer by dT is 





* English Electric Co. Ltd. 
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Ape Ax dT 
or heat/sec = Ape dT/dt Ax 
Therefore, equating equations (3) and (4) 

KA @T/dx* Ax = Apc dT/dt Ax. 
. K/pe €T/dx* = dT/dt.......... (5) 
Now consider a cable that has uniform distribution of 
resistance and capacitance but no inductance. (See Fig. 2). 
Let R. = Resistance per unit length 
Let C. = Capacitance per unit length 
Consider a section Ax. 
Voltage drop across section = AV = R, Ax (i — Ai) 
-- & ViAx = Ré — RA 





ex @Y 











Ax 
4 | iby 
ho —  —ote Ax) iat 
ry 
r r+ ax T T 


Fig. 1. Heat flow in a solid bar Fig. 2. Current flow 
in a resistance-capaci- 
tance cable 








SyMBOLS USED 

R. = Electrical resistance ((Q) 

R: = Thermal resistance 

= Electric current (A) 

Heat flow (cal/sec) = J’ = 4:-2J joules/sec 

Electric potential (V) 

= Temperature (°C) 

= Electrical capacitance (F) 

Thermal capacitance 

Electzical charge 

= Stored heat 

= Specific heat (cal/gm/ °C) 

= Thermal conductivity (cal/cm?/cm/sec/°C) 
(The quantity of heat passed through a centi- 
metre cube in one second with a temperature 
difference of 1°C between the two faces) 

= Density (gm/cm*) 

= Time (sec) 

= Area (cm?) 

= Thickness (cm) 


I tl 
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Now capacitance of segment = C, Ax. 
*, Ai = dV/dt C. Ax. 
“. AV/x = Rai — Re Ce. dV /dt Ax 
Differentiating with respect to x: 








djdx (AV/Ax) = — Re. C. dV jdt a) 
Taking this to the limit, this becomes 
BV | dx Re. C. dV /dt 
or: dV /dt = = SO MES oid ase alc. cwnse%s (6) 


It will be seen that equations (5) ana (6) are analogues 
with V equivalent to T, and 1/R-C. equivalent to K/ pc, 
which equals 1/R:C; (unit length being considered). 

This means that it is possible to represent a problem 
involving thermal conduction with a perfect resistance- 
capacitance cable. In practice it is sufficiently accurate to 
consider the cable in blocks, each represented by. a resist- 
ance and capacitance. 


Therefore, on the analogue 1 second would be repre- 
sented by z seconds. 

This now gives the following relationships between R:C; 
and R.Ce. 

Ro = mzR, Co = (z/m) 

In semiconductor work to date it has been found 
sufficient to use a value z = 1, but in some applications 
where the true time-constant is say 30min, this can be 
reduced to a few seconds on the analogue. 


Calculation of Thermal Resistance and Thermal 
Capacitance 
Thermal resistance, like electrical resistance, is propor- 
tional to thickness and inversely proportional to area. 
.. Rt = r/KA °C.sec/cal 
Thermal capacitance is proportional to the volume, and 
the specific heat of the substance concerned. 
*.. Ct = cprA cal/°C. 
Therefore, to represent layers of materials with an elec- 
trical analogue, the following table must be completed. 























| SPECIFIC | THERMAL | AREA OF 

HEAT | CONDUC- DENSITY | THICKNESS CROSS- Rt Ct Re Ce 

TIVITY SECTION 

ee = —— a | ST aR 
Properties e K p | r A r | cprA | m3r | 3cprA 

of the Material | KA | | KA | m 
Units | Cat/g/ Cai/cm? g/cm*® cm cm? | , cala/ | Q | Farad 

8 cm/sec/ sec 5 tH 
& cal. | 

















Calibration of the Analogue 

The fact that ReC, is equivalent to R:C; means that it is 
possible to multiply R: by some factor m, providing that 
C; is divided by that same factor m. In this way an 
analogue can be set up using easily obtained values of 
R. and Ce. 


Let Ro. = mR; and Ce = 1/mc: 
Now T = JR: and V = JR, (Equations (1) and (2)). 
~ aye = 
JR: 
IR. 
Let n milliamps represent 1 watt (1 joule/sec) of heat 
input. 
Substituting J’ = 1,7] = n x 10-°A and Rz = nR; gives: 
T/V = 1/42 Re/mR: 10°/n 
’. T/V = 238/mn 
eae eee mee a a rr (7) 


=F. Ri) me. LT =F (42...) me. 17 


This means that if an analogue is set up with an average 
input current of nmA, it will give temperature rises equiva- 
lent to 1W average heat input, with 1°C being represented 
by 238/ma volts. 

A suitable value for these constants in semiconductor 
work has been found to be m = 10‘ and J = 0-02 (i.e. 2MA 
equivalent to 100W), which gives 1°C equivalent to 1-19V. 
However, any values can be adopted for these constants to 
suit the particular problem investigated. 


Variation of Time-Constant of Analogue 

It is possible, using this analogue technique, to condense 
a long time-constant into a short period, or vice-versa. 

The time-constant of the electrical circuit is given by 
R.Ce seconds. 

Hence, by introducing a factor z the electrical analogue 
can be built up with a time constant of zReC. seconds. 
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Fig. 3. The analogue circuit for a series of layers of material 
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EXAMPLE 


Consider the block shown in Fig. 3(a), which is made up 
of a number of layers whose properties are as shown below. 



































LAYER | DENSITY { THER- | SPECIFIC, THICK- { AREA | Rt Ct 
MAL | HEAT |_ NESS (cm*) | (r) (cprA) 
CONDUC-| (cm) (KA) 
TIVITY | | 
p K } c r A 
| | 
A 8-9 | 0-918 0-094 | Ol | 1-77 | 0-0615 | 0-148 
B 10-5 0-032 | 0-032 | 0-005 1-77 | 0-0883 | 0-00297 
Cc 7-28 | 0-060 | 0-057 | 0-05 1:77 | 0-471 | 0-0366 
D 5:46 | 0-140 0-074 | 0-05 1-77 0-202 0-0357 
E 9-73 | 0-120 0-400 | 0-005 1-77 0-0235 | 0:0344 
F 89 | 0-918 | 0094 | 0.2 | 314 | 0-:0695 | 0-525 
Now let m = 10‘ and z = 1. 
Then the electrical analogues become: 
LAYER | Rt Ct | Re=mzRt | Ce=z/m_Ctx10-* 
Q (uF) 
A 0.0615 | 0-148 615 14-8 
B 0-0883 0-00297 883 0.297 
¢ 0-471 | 0-0366 4,710 3-66 
D | 0-202 0-0357 2,020 3-57 
E | 0-0235 0-0344 } 235 3-44 
F 0-0695 0.525 | 695 $2.5 











Hence, the block may be represented by the electrical 
circuit shown in Fig. 3(b), with layer F being considered as 
the base temperature. To get greater accuracy, each element 
can be replaced by a circuit, as shown in Fig. 3(c). In 
practice, the thermal capacitance is distributed over the 
whole of the layer and not concentrated in a block at the 
centre. 


The Three-Dimensional Analogue 
Consider a Imm cube of copper (Fig. 4(a)). 
Thermal conductivity of copper = 0-918cal/cm?/cm/sec/ °C 





(2) Linear heat flow within the area considered. 


(3) The position of the junction within the actual semi- 
conducting material. 


Fig. 5 shows the build-up of a typical semiconductor. 
Layers A and B may be of various materials, their main 
purpose being to give strength to the assembly. Each of the 
layers is joined to the adjacent one with a layer of solder 
a few thousandths of an inch thick. Perfect jointing over 
the whole of the surface is assumed, but in practice this 
may vary down to 90 per cent. To allow for this, it has been 
the general practice to increase the temperature rise obtained 
from the analogue by. 10 per cent. 
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Specific heat of copper = 0-0936cal/g/°C 
Density of copper és 8-9¢/cm? Fig. 5. A typical semiconductor 
Cross-sectional area = 0-:01cm? ace - ‘ 
Thickness = 0-lem With regard to the actual junction position, this is usually 
0-1 assumed to be midway through the semiconductor slice, 
.. Thermal resistance = r/KA = ————__ = 10°9 but this may vary with different manufacturers, as it will 
0-918 x 0-01 depend to some extent on the penetration of the impurity 
.. Thermal capacitance = crAp = 0-0936 x 8-9 x 0-1 into the semiconductor materials. 
x 0-01 In most cases it is possible to measure the temperature of 
= 000834 the heat sink, and this usually has a large enough thermal 
aie 4 — 
Now let m = 10* and z = 1 ; . ; y 
Then Re. = 10'R: = 109 000Q ; ; ' { ; | 
Ce = 10-*C;, = 0-0834uF. 
This means that each cubic ' | , 
millimetre of a block of } : ) 
copper can be represented T T T 
by the network shown in Fig. F : . rst? MWY 
H Anode Layer Indium : Layer Heat ' | 
pe enact “4 is 54 5000 and Fl a ll at Gi z pearl Germanium Py + a an ke } 


By linking similar networks 
together, a complete three- 
dimensional analogue of a 
block can be built up. How- 
ever, for a large block this network will become rather com- 
plicated, and as already mentioned it is simpler to use an 
electrolytic tank and calibrate it with a uni-dimensional 
analogue. 


Estimation of the Junction Temperature of a 
Semiconductor Using the Analogue 


When considering heat flow in a semiconductor, three 
basic assumptions have to be made: 


(1) Perfect jointing between different layers. 
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Fig. 6. Basic analogue circuit 


R = large resistance to represent heat loss from anode lead 


A,, A,, C = oscilloscope connexions 


capacitance to damp out any temperature fluctuations. 
Hence the base of the sink can be used as a reference 
temperature. 

Fig. 6 shows a basic analogue circuit to represent the 
semiconductor shown in Fig. 5. In practice, to get more 
accurate results it is usual to represent the various layers 
by more than one element on the analogue, to simulate the 
fact that the thermal capacitance is distributed right through 
the layer. 

By. applying a current of the correct waveshape at x 
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and yY, a trace representing the temperature of the junction 
above the base (i.e. voltage between x and Z can be 
obtained. 

Typical oscilloscope displays are shown in Fig. 7(a) and 
7(b). 

The trace A; in each case is the current being fed into the 
analogue, which represents the heat being produced at the 
junction. The trace A2 is the voltage appearing between 
x and Z, representing the temperature of the junction above 
the reference temperature. 


oe PDD SIS 
A, ee i € ie SV oA Me. V fe + fe 


() MA PP SDN Sed tS 
b —— pee ee ee TOPO bine 


Fig. 7. (a) Single-phase condition 
A, = heat input, A, junction temperature (scale T°C/cm) 


(b) Three-phase bridge condition 























4, = heat input, A, = junction temperature (scale 2T°C/cm) 
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Fig. 8. (a) Single-phase condition (b) Three-phase condition 


R = Total resistance of analogue 


In the three-phase case the temperature scale in Fig. 7 
is half that of the single-phase case. It will be seen that this 
gives the junction temperature at any instant Over a com- 
plete cycle. 

The circuits used for obtaining the current waveshapes 
are shown in Fig. 8. 

Now considering these oscillograms, it is seen that the 
temperature of the junction follows very closely the current 
waveshape, and that the peak junction temperature, which 
is higher in the three-phase condition, is considerably 
higher than the average junction temperature. For this 
reason, when semiconductors are being rated it is important 
to consider the peak junction temperature and not the 
average junction temperature. 

Another point to be borne in mind when rating the semi- 
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conductors is the variation in forward drop. This analogue 
gives the thermal conditions for a certain heat input in 
watts. In practice, this heat input is a product of the current 
and the forward drop, and therefore if an average tempera- 
ture for a particular type of cell is to be given, some allow- 
ance must be made for the variation of this forward drop. 


Other Applications of the Analogue 

It will be seen that an analogue of this type can be used 
to investigate almost any heat flow problem. 

Two other known applications are the study of heat loss 
from insulated steam pipes' and the study of steady-state 
heat transfer in power transistors’. In this second case, use 
was only made of thermal resistance; thermal capacitance 
not being considered. 

Some other possible applications are: Cooling conditions 
in casting materials, loss of heat through building and 
furnace wails, drying of cores and heat flow in internal com- 
bustion engines. 


Conclusion 

In the thermal analogue there is a simple and accurate 
method of studying heat flow in situations where theoretical 
methods would become extremely complicated. 

It is particularly useful where there are considerable tem- 
perature fluctuations. In semiconductors where temperatures 
tend to follow the current waveshape (e.g. 50c/s) passing 
through the junction, the method offers a simple thermal 
analysis of a situation that would be difficult to handle in 
theory. 
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LARGE SIZE PRINTED CIRCUITS 


Printed Circuits Ltd, a company within the A.E.1. Group, 
are currently producing what are claimed to be the largest 
printed circuit boards ever made, thereby opening up new fields 
of application as well as improving the production rate of 
smaller units. 

The photograph illustrates part of the automatic equipment 
recently installed in the factory at Borehamwood. In_ this 
instance, 1100 separate circuits, incorporating inductors, are 
being processed on one board 5ft by Sft. 
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A Multi-Range, Low 


Frequency Band-Pass 
Filter 


By J. B. Bratt*, B.A., B.Sc. 


The band-pass filter described was developed as part of an amplitude control circuit used with 
apparatus designed for research in the field of-unsteady aerodynamics. A frequency range from 
16c/s to 175c/s is covered in nine bands, the ratio of the upper io the lower frequency of each pass- 
band being 1-38. The basis of the filter circuit is the frequency selective RC valve amplifier modified to 
give zero output at frequencies of 0 and ©. With two such amplifiers in cascade the response in the 
pass-band is flat within +5 per cent, and attenuation of the 3" harmonic of the lower frequency 
limit is 33 times. The use of a special feedback network in the amplifiers enables a change of 
pass-band to be made by switching two capacitors in each network. 


(Voir page 506 pour le résumé en francais: Zusammenfassung in deutscher Sprache Seite 510) 


TH filter described forms part of amplitude control 
circuits used with apparatus for the measurement of 
aerodynamic forces on oscillating models in wind tunnels. 
A self-excited spring-constrained vibratory system is used 
in this apparatus, in which electro-mechanical vibration 
generators derive their input from a displacement pick-up 
on the system, and a stable amplitude of oscillation is 
obtained by making use of a constant amplitude reference 
signal derived from the pick-up output by squaring and 
filtering. The input to the vibration generators is made 
proportional to the difference between the reference signal 
and a smaller signal obtained from the pick-up output. 


It is essential to remove the harmonics from the square 
waveform to avoid complications in the measurement of 
power, which forms part of the test procedure. Since the 
frequency of the vibratory system alters for different con- 
ditions of aerodynamic loading, a filter with a reasonably 
flat topped response is required, and the use of a band- 
pass characteristic is desirable to avoid excitation of the 
system in lower frequency modes. The filter must also be 
multi-range in order to cover the frequency. range of the 
tests, obtained by variation of the elastic constraint in the 
system. 


Suitable characteristics for a filter for this purpose are: 


(a) Frequency range 16c/s to 175c/s covered in nine 
stages. 


(b) For each stage the variation in output in the pass- 
band to be not more than +5 per cent. 


(c) The third harmonic of the lowest frequency in any 
pass-band to be attenuated to 3 per cent or less of its 
value. 


Condition (c) implies that with a square-wave input third 
harmonic content of the output signal will be not more 
than 1 per cent and higher harmonics proportionally less. 
Even harmonics are absent with a square-wave input. 

Phase shift in the filter is of no importance in the present 
application since a special circuit is provided for controlling 
the phase of the current in the vibration generators. 


General Characteristics of Filter 

The basis of the filter circuit is the frequency-selective 
negative feedback RC amplifier! in which the feedback net- 
work is frequency dependent. If the transmission of the 
feedback circuit is zero at one particular frequency the 
amplifier exhibits a resonance characteristic, the gain being 
a maximum at that frequency. Two such amplifiers in cas- 
cade give a band-pass characteristic. 





* National Physical Laboratory. 
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For each range in the present filter the two amplifiers 
are tuned to frequencies in the ratio 1-0 to 1-38, and 
adjacent ranges are overlapped by giving the higher reson- 
ance frequency of the lower range and the lower resonance 
frequency of the higher range a ratio of 1-38 to 1-30. Change 
of range is effected by. switching components in the feed- 
back circuits. 

Some preliminary experiments were made with a circuit 
based on a filter described by Morris and Dawe? in which 

















Output 





Fig. 1. The feedback network 


positive feedback is employed via a zero-phase-shift net- 
work. This was abandoned in favour of a negative feedback 
circuit after considerable difficulty had been experienced 
in maintaining the shape of the transmission characteristic 
on switching from range to range. Some consideration was 
also given to the symmetrical, balanced twin-T RC filter® 
for the feedback network, but in view of the fact that 
switching of three accurately matched components for each 
amplifier would be required in order to maintain a constant 
Q-factor for all frequency ranges, the circuit described 
below was developed. in which variation of only two com- 
ponents is required. 


Feedback Network 

The basic circuit is illustrated in Fig. 1. Each half of the 
double triode Va, Vp forms a phase-splitter with equal anode 
and cathode loads Ri. The RC circuit connected between 
anode and cathode gives an output which is constant in 
magnitude but varies in phase from 0° to 180° as the 
frequency varies from 0 to ~. The output from Va, is 
directly coupled to the grid of V», and the final output is 
taken from the fixed potential divider R2R2 connected 
between the output of V; and input of Va. 


AUGUST 1959 











we 


ifiers 

and 
eson- 
lance 
ange 
feed- 


reuit 
hich 


net- 
yack 
iced 
istic 
was 
lter® 
that 
ach 
tant 
bed 

om- 


ode 
een 
in 
the 
» is 
t is 
ted 





If the gain of the phase-splitters is assumed to be unity 
and the shunting effect of R, C and Rz is negligible, the 
output of V, may be written 


decile: sade RI o> ssi, hee (1) 





where x = 1/wRC, and w» is the angular frequency. The 
output of V>» is thus 


1 + jx\? 
v2 = Vi l-i Pre rere (2) 


and the final output vo is given by 
Ve SF ID oe 0580's ee este (3) 


The transmission of the network 8 = vo/vi may thus be 
written 





1-x 
B lt pmo eae Se ee (4) 
1— x — 2x 
This is similar to the transmission of a symmetrical, 
balanced twin-T network’ with zero input and infinite out- 
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Fig. 2. Tr issi of feedback networks 





put impedance, but the cut-off is sharper as shown by the 
curves of |8| in Fig. 2. The transmission is zero when 
wRC = 1,which corresponds to a shift of 90° in each of the 
triode circuits. 

In a practical case the gains of the phase splitters will 
be somewhat less than unity, and this can be allowed for 
by making one of the arms of the fixed potential divider 
variable. This is adjusted until zero transmission is obtained 
at one particular frequency on sweeping through a range 
of frequencies. 


Basic Tuned Amplifier 
The gain of an amplifier with negative feedback is given 

by the expression 

ins gle 

—-Ti hh 
where £ is the fraction of the output fed back, and A, is 
the gain without feedback. In the present case A, is real 
and includes the modulus of the gain of the feedback net- 
work; thus £ is given by. equation (4) which relates to unit 
gain. Equations (4) and (5) lead to the relation 

1+ 

fa + Ay —. ~ Ay < xp ri 4x2} 1 Ose eee (6) 
where A, is the gain at resonance corresponding to x = 1. 


In terms of the resonance frequency wr, equation (6) may 
be written 


|A/ Ar| — 


aie: w/wr + wr / w 
{(1 + A.) (w / wr — Wr lw /- 4 \ , (7) 
which is shown plotted in Fig. 3 for Ao = 4. It is seen from 
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equation (7) that when w tends to zero or infinity. the curve 
tends asymptotically to 1/(1 + Ao). 

The transmission of a filter formed by two such amplifiers 
in cascade is given in Fig. 5. The resonance frequencies are 
taken in the ratio 1 to 1:38, and the value of A) is chosen 
to attenuate the third harmonic of the lower resonance 
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Fig. 5. Theoretical transmission characteristics of band-pass filter 


frequency to 3 per cent of the transmission at either 
resonance. It will be seen that the response over the pass- 
band between the peaks varies by +25 per cent of the mean 
level. This could be made flatter by introducing additional 
amplifiers tuned to intermediate frequencies; however, this 
additional complexity can be avoided and sufficient 
improvement obtained by a modification to the basic 
amplifier. 


Modified Tuned Amplifier 


The response curve given by equation (7) may be modified 
to give zero output when w tends to zero or infinity by 
subtracting from the final output a fraction y of the input 
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voltage, where y is real. The advantage of this is that 
attenuation of the harmonics of the resonance frequency 
is increased while the sharpness of tuning is hardly affected. 
Thus, in the band-pass filter, amplifiers with flatter tuning 
may be employed while the same attenuation is maintained 
at the third harmonic of the lower resonance. 
Equation (5) may now be written in the modified form 
rie” 
"tenn. * 
When w tends to zero or infinity @ tends to unity, and thus 
for zero transmission 


Ao 
Dj = T+ - eee oe ee ee (9) 
Substitution of equations (9) and (4) in equation (8) leads to 
2x 
| = eas 
i“ [1 + A)? — x)? + 4x7} (10) 
ps 
3; (1) 





{(1 + Ao}? (w/or — w/w + 4} 
which is compared with the unmodified characteristic in 
Fig. 3. 

The effect of the modified amplifiers on the transmission 
of the band-pass filter is indicated in Fig. 5 and shows a 
very marked improvement over the unmodified filter, the 
variation in response between the peaks being now not 
more than +5 per cent of the mean level. The values of 
A, to give the required attenuation of the third harmonic 
of the lowest resonance frequency are 19-12 and 8-91 for the 
unmodified and modified amplifiers respectively. The equa- 
tion for the transmission of the filter may be derived from 
equation (11), and when normalized to give unity response 
at the resonance frequencies of the amplifiers, takes the 


form 
|A/A | Y {(1/k a Y}_ oe) ] 
: { (w/wr—or/w)? + Y }{ (w/kw:—kor/w)? rs Y} 





where the resonance frequencies are wr and kwr, and Y = 
4/(1 + A,)’. 


Adjustment of y 

In practice the fraction of the input signal subtracted 
from the final output in the modified amplifier is adjusted 
by means of a variable potentiometer. It is clearly impos- 
sible to adjust this directly to give zero output at frequencies 
of zero and infinity, and thus some indirect method of 
obtaining the correct setting must be employed. The method 
adopted makes use of the fact that, for a given input at 
fixed frequency, the output from the amplifier has a mini- 
mum value for a particular setting of the y-control, and if 
the frequency is sufficiently remote from resonance this 
setting will be close enough to the theoretical value y = 
A,/(1 + A>) for all practical purposes. 

The value of y at the minimum setting may. be derived 
from equations (8) and (4), which lead to the result that, 
when @|A|/ay = 0, 

aoe 1 + 4x°/(1 — x71 + Ao) 
r= 1T+A, 1+ 42/0 — el + A? 





For the practical circuit described later the settings were 
made with the filter switched to band 7 and at frequencies 
equal to the sixth harmonic of the resonance frequencies of 
the amplifiers. The value of y obtained is given by sub- 
stitution of x = 1/6, Ao = 8-91 in equation (13), which leads 
to 


Ao 
y = 10106 fsa (14) 
This differs from the theoretically required value by 
approximately 1 per cent which in practice is of no import- 
ance. The use of still higher frequencies in making the y- 
setting was avoided on account of the effect of stray shunt- 
ing capacitances, while for suitable frequencies below 
resonance RC couplings in the amplifier circuits tended to 


AiR cs TR ETE Se ae (12) become significant. 
Fig. 6. The feedback amplifier 
Values of C 
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Practical Circuit 

The basic amplifier circuit is shown in Fig. 6. A some- 
what lavish use of cathode-followers is made in order to 
avoid shunting effects of impedances where these would 
be likely to influence the shape of the transmission charac- 
teristic, and in the interests of stability a large amount of 
negative feedback is introduced into the amplifier valve 
V, and the phase-splitters Vs; of the feedback network via 
their respective cathode loads. The feedback ratios for V2 
and each half of V3; are approximately 21 and 35 respec- 
tively. : 

The potential divider supplying the output from the 
feedback network is connected between the cathodes of 
the first phase-splitter and the first half of the double 
triode Vi, which forms a cathode-follower taking the out- 
put from the second phase-splitter. The output from the 
potential divider is then fed back to the input of V2 via 
a cathode-follower formed by the second half of the 
double triode V:. Subtraction of the required fraction of 
the input voltage from the output is effected by the poten- 
tial divider connected between the anode of the amplifier 
valve V2 and the cathode of the input cathode-follower 
Via. The output from this potential divider is taken 
directly to the control grid of the final output cathode- 
follower Vi. With these arrangements shunting effects are 
kept to a minimum. 

Change of frequency range is effected by switching capa- 
citors in the RC circuits of the feedback network rather 
than by changing the resistors, since this maintains the 
same shunting effect on the phase-splitter loads for all 
frequency ranges and keeps 


of V2 is switched back to the fixed potential divider asso- 
ciated with V; and the setting of y then made by means 
of the 250k: variable potentiometer in the manner 
described earlier. In practice small readjustments were 
made to the loop gains in order to improve slightly the 
final characteristic of the two amplifiers in cascade. By 
noting the final loop gains required it becomes a simple 
matter to repeat the characteristic after replacing faulty 
valves. 


Measured Transmission Characteristics 

Experimental transmission characteristics for amplifier 
resonance frequencies f; = 20-26c/s and kf; = 27-75c/s in 
one case and f; = 110c/s and kf, = 151c/s in the other 
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the shunting loads at a 8 
high value. Capacitors with * - oy s 
polystyrene dielectric were | l 
used and were selected to 
have capacitances lying 
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within 0-5 per cent of the 
calculated values. 

The second amplifier 1s a oe Ag 
identical with the one , 
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described above with the 4° 25 35 
exception of the resistors 
in the RC circuits of the 
phase-splitters which are 
given a value of 72k!) 
instead of 1M. 

The h.t. supply for these amplifiers is supplied by a 300V 
regulated power pack. 


Fig. 8. 


Setting-up Procedure 

Initially the anode of V2 is set to 80V by means of the 
adjustment on the control grid potential. The feedback 
network can then be balanced by switching the input of 
V2 to a signal source at § and observing the output at K. 
When the 100k{2 variable resistor is correctly set a null 
reading is obtained at K at one particular frequency, which 
is the resonance frequency of the amplifier with feedback 
The gain of V2 can then be adjusted by means of the 5kQ 
variable resistor in its cathode circuit, while maintaining 
the anode voltage at 80V. The gain from the input of V2 
to K at some convenient frequency is made equal to the 
value calculated from the loop gain 8A. by making allow- 
ance for the potential divider between the cathodes of 
V:. In the present case it was convenient to make the 
adjustment at three times the.resonance frequency, for 
which the required gain was 9-29. 

When these adjustments have been completed, the input 
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Measured characteristics for the multi-range filter 


are compared in Fig. 7 with a theoretical curve based on 
equation (12). Since an unknown factor was involved in 
the voltage measurements, the experimental results have 
been multiplied by a factor to make the mean level between 
the resonance frequencies equal to that for the theoretical 
curve. 

The experimental output curves for each pass-band of 
the final filter are shown in Fig. 8 for an input of approxi- 
mately 4V peak. The output scale here is arbitrary, the 
overall gain of the filter being approximately unity. Suit- 
able working limits for the frequency ranges of the pass- 
bands are indicated above the curves. The third harmonic 
(not plotted) of the lower frequency limit in any pass-band 
is not more than 3 per cent of the average output between 
the frequency limits of the band. 


Circuit Stability 

The feedback network employed is somewhat at a dis- 
advantage compared with a passive network since a change 
in the gain of the phase-splitters will throw the circuit out 
of balance. To examine the magnitude of this effect it may 
be assumed that the network is balanced for unity gain 
of the phase-splitters, which subsequently becomes a gain 
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of 1 + A. Equation (2) now becomes 


" 2 
nean(7=) (1 +A) 
1 — jx 





which gives a transmission 2 + 58, where 
$B = GB — 1) Bf2 ...6...6.008 (16) 


The fractional change in gain of the feedback amplifier is 
expressed by 6|A|/|A|, which may be written 


8|A|/|A| = |1 + (8A/A)| — 1........ (17) 
and from equations (8) and (9) 


__1-8 
AlAr = a ere (18) 
whence 
dA/A = 0A/j0B.d5B/A = +400 —2%) .- A/2 (19) 


(1+ BA.) (1 —f) 
Thus 
, U+Ao) 1-28) 
(1 + BAo) (1—) 
where A, is maintained constant. If A = 1 per cent the 
change in gain at the resonance frequency amounts to 
5 per cent and this rapidly falls to 0-7 per cent at 1-3 times 
resonance and to 0-1 per cent at 3-0 times resonance. These 
changes correspond to an alteration in the intrinsic gain 


without feedback of the phase-splitter circuit amounting to 
34 per cent. 


The effect of a change in A, with y and A constant may 
be obtained from equations (8) and (9) which lead to 
1+ A, 
A.(1 -- B)(1 + BAo) 





s|Al/|A| =| 1 A/2|-—1.. (20) 


8A/A = 0A/0Ao. bA0o/A = . 6Ao/ Ao 








A High Power Silicon Rectifier Equipment 


A silicon rectifier equipment, which it is claimed is one of 
the largest of its kind to be made in this country, has recently 
been demonstrated by its manufacturer, Standard Telephones 
and Cables Ltd at their Rectifier Works, Harlow, Essex. 

This equipment has an output of 20000A at 130V and will 
be shortly installed at the Electrolytic Metals Corporation Plant 
in Transvaal, South Africa for the electrolytic production of 
manganese. 

The input to the rectifiers is taken from a 6-6kV, three-phase, 
50c/s supply and a single 3 150kVA regulator controls the entire 
equipment, which is split into four transformer-rectifier sections. 
A.C. and d.c. isolators allow the removal of one section from 
service for maintenance purposes, while leaving the plant operat- 
ing at 75 per cent full load. 

The four rectifier cubicles are paralleled on the d.c. output 
side and supply the complete power requirement for the electro- 
lytic process. The total output current is maintained to within 
2 per cent of any required value between 15000 and 20000A 
by a constant current control loop to the main input regulator; 
the required current setting being made by the plant operator 
at the control panel in the electrolytic plant area. The regulator, 
in a is able to control the output down to 65V at no 
load. 

Each of the four rectifier cubicles contains two separate three- 
phase bridge connexions of RS§8 series silicon rectifiers, supplied 
from common a.c. busbars and feeding via separate isolators 
into the main 20 000A busbar. 

These rectifiers have a continuous rating of 100A with a 
surge rating of 1 000A and can operate at 300V p.i.v. with a 
case temperature of 100°C. 

Six hollow aluminium busbars form the arms of each three- 
phase bridge and provide the cooling, by a circulatory oil 
system, to the twelve paralleled rectifiers in each arm. In every 
arm of a cubicle there are thus twenty-four parallel operated 
silicon rectifiers. 


ELECTRONIC ENGINEERING 462 


and thus from equation (17) 
1 + Ao 





te ia.| 2 


ae Sek, a 


For a 1 per cent change in A} this gives a change in gain of 
1 per cent at resonance, which falls off to 0-2 per cent at 
3-0 times the resonance frequency. 

A plot of the complex loop gain 8A. derived from equa- 
tions (4) and (16) is given in Fig. 4 for the general case 
where the gain of the phase-splitters is 1 + A, the feedback 
network having been balanced at unity gain. The curve is 
a circle of radius A.(1 + A)/2 with its centre on the real 
axis at the point A./2, 0. If A = 0 the circle passes through 
the origin and is tangential to the imaginary axis. In 
accordance with the Nyquist criterion instability would 
occur when the circle encloses the point — 1, 0, and for this 
to arise A must be greater than 2/ Ao, which in the case of 
the present filter is equivalent to an increase in the gain 
of the phase-splitter circuit amounting to 22-4 per cent. 
Since in practice gains will tend to fall with time, the 
circuit may be regarded as inherently stable. 


S\AI/1Al = | 1 + Fayre Ba 
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Special high-speed fuses are used to protect each pair of 
rectifiers and the rectifier cubicles are fitted with a pyrometer 
to indicate busbar temperature during operation. 


A cubicle containing two separate three-phase bridge connected 

rectifiers. The isolating d.c. switch is shown in the centre panel. 

No d.c. circuit-breaker is provided as overload protection is 

arranged by an a.c. circuit-breaker tripping from current trans- 
formers. 
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A Voltage Operated Logarithmic Amplifier 


By R. F. Mathams*, B.Sc.(Eng.) 


A circuit is described which accepts an input from a voltage source and produces an output 

proportional to the logarithm of the input voltage over a range of inputs from 0-1V to 100V or 

more. The input voltage is chopped by a vibrating relay and differentiated. The time taken for the 

resulting exponential pulses to decay to a reference voltage is proportional to the logarithm of 
the input voltage. 


(Voir page 506 pour le résumé en francais: Zusammenfassung in deutscher Sprache Seite 510) 


URRENT operated logarithmic amplifiers have been in 

use in reactor instrumentation for a considerable time. 
In this application they accept a current input from an 
ionization chamber and produce a voltage proportional to 
the logarithm of this current over about 7 decades. The 
current is fed on to the grid of a pentode operating in the 
region where ig = ive exp. (V/kT). The resulting changes 
in anode voltage are amplified and overall negative feed- 
back is applied to the screen of the pentode to keep the 
total cathode current and hence the space charge constant. 
A logarithmic amplifier used for other applications, in 
particular in a reactor computer, might be required to 
work with a voltage input. 


The logical method of producing a voltage operated 
logarithmic amplifier would, at first sight, appear to be 
to connect a high resistance to the grid of the pentode of 
the current operated amplifier described above. This, 
however, is not a practicable solution for the following 
reason. The input resistance of the pentode grid forms a 
variable potential divider with the high resistance con- 
nected to it. A signal proportional to the logarithm of 
the voltage input appears across the grid and earth termi- 
nals. This signal is about 0-2V per decade of input current 
and, of course, opposes the applied voltage. Hence, for 
small input voltages below about 10V, the input current 
varies considerably from the ideal virtual earth value, 
resulting in large errors. 

This difficulty may be overcome by a feedback arrange- 
ment shown diagrammatically in Fig. 1. The grid voltage 
is held practically constant by amplifying any error voltage 
with a chopper stabilized computing amplifier and driving 
the cathode of the pentode in such a sense as to reduce the 
grid error voltage to negligible proportions. 


While the latter method is reported to be satisfactory, it 
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Grid current of pentode (A) 

Constant dependent on pentode characteristic 
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has the disadvantage of requiring an auxiliary amplifier. 
An alternative method capable of covering a range of at 
least three decades of input voltage is described below. 


General Principles and Analysis 
Providing t>CR, the response of a quasi-differentiating 
circuit to a square wave input is a series of decaying 
exponentials of the form: : 
V= +Vin e~t/OR 
where V is the voltage appearing across the resistor, and 
Vin is the peak-to-peak value of the input square wave. 














—o 
>—___—o 
Electrometer Output 
Pentode 
Input Gana 
Fig. 1. Current operated logarithmic amplifier modified to accept 


a voltage input 


The time taken for the output voltage V to decay to a 
reference voltage V2 is ft. where: 

V2 = V exp(—t/CR) 
Hence tf = CR In V/b:2. 

Thus by measuring the value of ft: a signal proportional 
to In V/V2z may be obtained. 

The principle of operation is therefore to chop the input 
voltage at a suitable frequency of the order 50 to 500c/s 
and apply the resultant square wave to a quasi-differentia- 
ting circuit and measure the time taken for the decay of 
the output voltage to a reference level V2. Referring to 
the block diagram Fig. 2, the d.c. voltage is chopped by 
a high quality chopper relay and applied to the RC differ- 
entiating circuit. The resulting waveform is amplified by 
a direct-coupled amplifier with overall negative feedback 
and the following characteristics : 


(a) High input impedance. 
(b) Good gain stability. 
(c) Good zero stability. 


(d) Ability to accept input voltages ranging from 
10mV to 100V without suffering damage and with- 
out any blocking or hysteresis effects. The ampli- 
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Fig. 2. 





Block diagram of logarithmic amplifier 





The pulses are therefore ampli- 
fied and smoothed to give 
a d.c, output proportional to 
the fogarithm of the input. 


Sign reversing 


lees 


Detailed Description of 
Circuits 

CHOPPER RELAY AND 
DIFFERENTIATING CIRCUITS 


The chopper relay is a 

' changeover device specially 
designed for drift corrected 
amplifier operation with short 
transit ‘time between contacts 
and symmetrical dwell times. 
The operating coil is 
electrostatically 
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screened to _ reduce 
pick-up by the contact 
leads. In this design the 
relay is driven at 50c/s. 

The RC differentiat- 
ing circuit comprises a 
polystyrene _ dielectric 
capacitor and a high 
stability resistor. For 
operation at 50c/s over 
j a range of three decades 
the time-constant of this 
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Fig. 3. D.C. amplifier with feedback for amplifying exponential pulses 


capacitor is necessary to 
keep dielectric hysteresis 
effects as small as pos- 
sible. It is also desirable 


—_—o+ 250v that the differentiating circuit should be 






































of high impedance to avoid loading any 
previous circuit. However, this tends to 
increase electrostatic pick-up and for this 
reason the circuit is enclosed in an elec- 
trostatic shield. 


AMPLIFIER 

The requirements of high gain and 
zero stability and absence of blocking 
effects suggested the use of a direct- 
coupled amplifier comprising three 





cathode coupled pairs with overall feed- 





Output 


























, 


back as shown in Fig. 3. The absence of 
any. large capacitors in the design helps 
to ensure that no hysteresis effects will 


~o-250V occur, and the use of cathode coupled 





Fig. 4. Schmitt trigger circuit producing pulses of width if 


fier cannot of course work linearly over this range 
of inputs, but this is not required. It is merely 
necessary that the amplifier should work linearly 
when the input voltage falls to the reference level 
of about 10mV. 


The amplifier output is applied to a Schmitt trigger cir- 
cuit designed to trigger when the amplifier output voltage 
rises above a level corresponding to the reference input 
voltage V2. Hence, pulses of width ft. and constant repeti- 
tion frequency are available. 


é The d.c. component of these pulses is clearly propor- 
tional to # and hence the logarithm of the input voltage. 
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dod 


pairs reduces the effects of heater drifts, 
The high input impedance is maintained 
by taking the negative feedback to 
the second valve of the first stage. Stability is achieved 
by means of a dominant lag capacitor in the anode circuit 
of the second stage. The closed loop gain is 40dB with 
a bandwidth of over 5kc/s. 


TRIGGER CIRCUIT 

This is a Schmitt circuit as shown in Fig. 4 with a diode 
clamp on the grid of the pentode to define the triggering 
potential. Valve V;, is normally conducting until the input 
voltage falls below the triggering potential whereupon the 
pentode V; conducts: The amplitude of the current pulse 
through the moving-coil meter and the anode load is 
limited by the triode Vs, which defines the voltage pulse at 
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the anode. The moving-coil meter therefore passes a mean 
current proportional to the pulse width and hence to the 
logarithm of the input voltage with a scaling factor deter- 
mined by the current pulse amplitude which is variable by 
means of RV». 


SMOOTHING CIRCUIT 


The negative pulses at the anode of Vs are applied to a 
single stage d.c. amplifier (Fig. 5) with anode-follower feed- 
back which performs the triple function of phase inversion, 
smoothing and providing a low impedance d.c. output. The 
time-constant of the feedback circuit determines the degree 
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Fig. 5. Smoothing circuit to give low impedance d.c. output 
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Fig. 6. Calibration variation with heater voltage 


of ripple in the output waveform and the value chosen is a 
compromise between speed of response of the circuit to 
rapidly changing inputs and an acceptable ripple factor. 


Performance 

The general performance of the amplifier was in accord- 
ance with the design calculations. The equation describing 
the ideal performance of the device is: 


Vou = K log (Vin/V2) for V2 < |Vin| 


Fig. 6 shows typical calibration curves and the effects of 
changes of heater voltage. It can be seen that this effect 
is to change the value of V, without affecting K. This is 
almost certainly due to changes in the operating voltage of 
the trigger circuit with cathode temperature. The nominal 
value of V; was 0-16V and K was 11-5 for the output volt- 
age and 0-18 for the reading of the meter, M in Fig. 2. 
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A change of mains voltage from —10 per cent to +10 
per cent produces a change in meter reading corresponding 
to a factor of 2-4 in the input voltage. Assuming that a 
constant voltage transformer would stabilize normal varia- 
tions of mains voltage to within +1 per cent, the use of a 
c.v.t. to stabilize the heater voltage would reduce the errors 
to +5 per cent referred to the input voltage of the amplifier. 
If further stability. is required, valves may be fed from the 
stabilized h.t. supply or from a stable voltage oscillator. 
No unbalance of the amplifier was observed during these 
changes of heater voltage. 


A zero Stability test was carried out with the valve heater 
voltages stabilized by means of a constant voltage trans- 
former. During the first hour, the meter reading changed by 
3uA and during the following five hours the reading 
remained within +1uA of its final value. Similar 
results were observed for the output voltage drifts. If 
these drifts after the first hour’s running, are referred 
back to the input of the device, they correspond to a 
change of input voltage of +1-5 per cent. This percentage 
is, of course, independent of magnitude. 


The logarithmic amplifier has since been used with a 
reactor computer incorporating a commercial logarithmic 
amplifier of the type shown in Fig. 1. Comparing the 
performance of both amplifiers with input voltage ranging 
from 0:1V to 100V (representing practical limits to com- 
puting voltages) there was no marked difference in 
performance between the two types. 


Conclusions 

Reasonable success was achieved in obtaining a cover- 
age of three decades by means of this logarithmic amplifier 
without stabilization of the heater voltages. The upper 
limit of input voltage is set mainly by the available h.t. 
supplies. In these experiments no attempt was made to 
exceed 100V, although no difficulty. is anticipated up to 
about 150V. 

The lower limit of input voltages, namely V2, is set by 
noise and drifts in the d.c. amplifier, and contact poten- 
tials and hum pick-up in the chopper relay. Difficulties 
are also encountered in the trigger circuit at low input 
voltages. If the peak input to the trigger circuit comes 
within its backlash region, the trigger circuit acts as a high 
gain amplifier to the exponential tail of the input wave- 
form. This causes distortion of the logarithmic law at the 
low voltage end. This difficulty may partly be overcome by 
increasing the closed loop gain of the d.c. amplifier. It is 
desirable to employ a high chopping frequency so that the 
time-constant of the output smoothing circuit necessary to 
give an acceptable ripple factor is also small enough to 
allow a fast transient response. However, the necessary 
amplifier bandwidth to avoid pulse distortion is propor- 
tional to the chopper frequency and difficulty. in stabilizing 
the d.c. amplifier at the higher bandwidths is increased. 


An analysis of the effects of grid current at the input 
of the d.c. amplifier shows that providing the negative half 
of the input waveform is used for triggering the Schmitt 
circuit, these effects are completely negligible. 

With further development, it is anticipated that this 
type of logarithmic amplifier could be made to cover over 
four decades from 0-01V to over 100V. 
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An Electronic Clock Coder for 4 
Coded Radio Beacons 


By J. W. Nichols*, B.Sc.(Eng.), A.M.LE.E., A. C. MacKellar*, A.M.LE.E., and A, J. B. Baty* 





A crystal controlled clock and electronic coder is described which is capable of originating the 

coded signal for marine radio beacons in conformity with the requirements of the Paris International 

Agreement, and also of regulating the time of transmission to a high degree of accuracy. Facilities 

have been provided for remote or manual control together with a fault warning system designed to 
monitor the timing and coding of the equipment. 


(Voir page 506 pour le résumé en frangais: Zusammenfassung in deutscher Sprache Seite 510) 


A NETWORK of grouped radio beacons has been 

established around the coast of England and Wales 
by the Corporation of Trinity House to provide direction- 
finding faéilities to ships using these waters. There is a 
maximum of six beacons in each group, operated on a time 
sharing basis, the normal transmission period being of one 
minute duration, comprising a two letter station identifica- 
tion signal repeated either three or four times followed by 
a steady tone for 25sec and terminating in the identification 
signal repeated once or twice. The equipment described in 
this note is sufficiently versatile to meet other equal or less 
stringent requirements. 

As can be seen from the foregoing description, it is 
necessary to determine with a high degree of accuracy, the 
time of transmission of each beacon to prevent overlap. 
At present this is accomplished on marine radio beacons in 
the United Kingdom by means of pendulum clocks, on 
shore and rock stations, and chronometers on light vessel 
stations. The equipment described below has been designed 
to operate at any site and to give a timing accuracy better 
than either the pendulum clock or chronometer, and at the 
same time to be sufficiently rugged to withstand the hand- 
ling operations encountered at such sites, a problem which 
is particularly serious with pendulum clocks. 

Coding on existing radio beacons is carried out by means 
of rotary cam actuated coder mechanisms which are started 
immediately prior to the appropriate transmission period. 





* Corporation of Trinity House. 
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Experience with these devices has indicated that the inclu- 
sion of rotary cam operated elements has been a cause of 
unreliability and the equipment described below has been 
designed to eliminate all moving parts. 

Equipment built to the designs described has been in 
operation under laboratory conditions for more than a year. 
A manufactured prototype has been built by an electronics 
firm licensed by the National Research Development Cor- 
poration to whom patent rights have been assigned. 


Design Considerations 


An analysis was made to determine the maximum 
number of dot elements present in any set of code letters 
used by the radio beacons under the control of Trinity 
House, the signal being made up as follows: 


(1) A dot of one dot element. 

(2) A dash of 3 dot elements. 

(3) Space between letters, 3 dot elements. 

(4) Space between ‘ words’ of 5 dot elements. 


The result obtained shows that all existing codes could 
be sent by a signal of 30 dot elements or less. If then a 
complete transmission is built up to conform to the inter- 
national standard on radio beacon code transmission, it 
can be shown that the maximum number of dot elements 
required during the one minute transmission is 240, an 
allowance being made for a silent period of at least 3sec. 
Thus a dot unit is of 0:25sec duration and for this a pulse 
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output at 4p/s is required. The crystal oscillator which is 
used both for the derivation of the dot element and for 
the time keeping function is chosen for convenient division 
to 4p/s and is kept as low as possible to reduce the scaling 
necessary and to bring it within the limits of cold-cathode 
dividing valves. In this case 8kc/s has been considered the 
most convenient frequency meeting these requirements. 


In the coder unit a dot is the interval between one pulse 
and the next and a dash the interval between one pulse and 
the arrival of the fourth pulse, the intervals between letters 
and words being similarly built up to the duration of 3 dot 
elements and 5 dot elements respectively. The signal group, 
i.e. identification signal, is repeated at least three times 
before the 25sec d.f. signal and once after, although if the 
number of dot elements in the identification signal is small 
it may be repeated up to four times before the df. signal 
and twice after. 


The most important factors influencing the design of the 
electronic clock coder are as follows: 


(1) High reliability. 
(2) Complete flexibility. 
(3) Provision for remote control. 


As the equipment is required to operate both ashore and 
afloat it is considered essential that a high degree of reli- 
ability. be obtained to reduce to a minimum the amount of 
maintenance required. To this end the equipment is 
designed around the use of gas discharge tubes of the 
scaling and triggering variety which are considered to be 
considerably more reliable than hard valves. 


As mentioned earlier existing radio beacons are con- 
trolled by either pendulum clocks or chronometers depend- 
ing on the site, both of these timing elements will be 
replaced by the new electronic unit giving complete stan- 
dardization at all sites, the character of transmission being 
controlled by a suitably connected multi-way plug. Thus 
complete flexibility is achieved as all sites will employ 
exactly identical equipment resulting in a considerable 
saving in maintenance effort. 


All control functions necessary for the day-to-day run- 
ning of the equipment, such as time correcting and change- 
Over to continuous transmission during fog or for 
calibration of ships d.f. can be performed from a remote 
station over landlines or radio link. A transistorized warn- 
ing system has also been designed to give an alarm should 
the clock or coder fail. 


General Layout 
The equipment comprises four chassis as follows: 
(1) Power unit. 
(2) Crystal oscillator. 
(3) Electronic time-keeping element. 
(4) Electronic coding element. 


The power supply chassis and crystal oscillator chassis 
are mounted adjacent to each other behind a standard 19in 
panel leaving sufficient space to take the power supply and 
crystal oscillator chassis of a second clock, as normally 
there will always be a main and standby equipment pro- 
vided at each site. A second 19in panel is used for mount- 
ing both the electronic time-keeping element and the elec- 
tronic coding element so that the two clock coders required 
at each radio-beacon station are mounted on three 19in 
panels. 


The only manual controls brought out to the front panel 
are for resetting and changeover to continuous transmis- 
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sion for fog or calibration service; visual indication is given 
of the coded signal and of the precise minute reached in 
the six minute cycle. 


Description of the Apparatus 
POWER SUPPLY 

As the whole equipment includes a time keeping system 
it is essential that it should operate continuously and be 
unaffected by even a short interruption in the mains elec- 
tricity supply. This feature has been accomplished by utiliz- 
ing the normal 5O0V station battery together with a tran- 
sistorized d.c. convertor with outputs provided at +510V 
d.c., +300V d.c. and —100V d.c., the total power required 
for each clock coder being 12W. It was early decided during 
development that the transistor d.c. convertor should 
operate from the full battery voltage in order to equalize 
the load on the battery and at the same time provide a 
system of high efficiency. However, the terminal voltage 
of a nominal 50V battery of 24 cells can vary from 45V 
to 67V depending on the state of charge. To compensate 
for these variations and at the same time utilize the full 
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Fig. 1. Transistorized power supply for electronic clock coder 

















capabilities of the chosen transistors a carbon pile series 
regulator has been provided with an output of 39V +2 
per cent. 


With a battery voltage of 39V the transistors in the d.c. 
convertor must be capable of withstanding a peak collector 
voltage of 78V and have a collector current of half an 
ampere or more. The circuit selected for the d.c. convertor 
is of the saturable transformer type using two transistors, 
this circuit having the advantage of a low output imped- 
ance necessary for inherently stable output voltages. 
Normally. this type of circuit employs a single transformer 
which is designed to saturate at a collector current of some- 
thing less than the peak permissible current of the tran- 
sistor, this saturation of the transformer results in the loss 
of drive to the ‘on’ transistor which comes out of bottom- 
ing and a rapid switching action takes place. This method 
of operation, however, results in rather high current peaks 
in the transistor together with high transient voltages on 
the transistor collectors, both these undesirable features 
constitute a danger to the transistor in the circuit, especially 
when the transistors are operating at or near the limit of 
collector current or voltage. 


In order to overcome the particular difficulty of excessive 
collector voltage in this application a second transformer 
is used to control the switching of the transistors and thus 
avoid the necessity of saturating the output transformer. 
Referring now to Fig. 1 which shows the circuit of the 
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transistorized power supply, transformer 7; is the feedback 
and switching transformer the action of which is as 
follows; assume transistor X; to have just started conduct- 
ing and X, to be cut off, then the primary magnetizing 
current of 7, will rise linearly causing a steady negative 
potential to be applied to the base of X, which will be held 
in the bottomed state, X: on the other hand will be cut 
off by a positive potential on its base. The primary current 
in 7, will continue to rise until the core goes into satura- 
tion causing a reduction in the primary inductance and a 
corresponding increase in primary current, the increase in 
primary current results in a greater power being dissipated 
in resistor Ri and a reduction in the power fed to the 
bottomed transistor X; which now moves out of the 
bottomed state and is rapidly cut off while X2 is bottomed. 
This process is repeated at a frequency determined by the 
design of transformer 7; and the value of resistor Ri, the 
usual frequency range betwen 400c/s and Ikc/s. Starting of 
the oscillator is ensured by the potential divider R2 and R; 
which biases both transistors into conduction. 


Transformer T2 is quite conventional in all respects and 
designed in accordance with normal transformer practice to 
deliver the required outputs at the particular operating 
frequency selected. Rectification of the a.c. output is carried 
out by silicon power rectifiers connected in bridge con- 
figurztion; final smoothing by standard smoothing filters. 
The cverall d.c. to d.c. efficiency of the power unit is in 
excess of 80 per cent. 


CRYSTAL OSCILLATOR 


The circuit of this unit is shown in Fig. 2, the funda- 
mental frequency of 8kc/s being derived from an XY cut 
flexural mode crystal connected in the feedback path of a 
two-stage directly coupled grounded emitter amplifier. Con- 
nected in this way the crystal presents a high impedance in 
the feedback path and it is desirable to shunt the crystal 
by a further resistance-capacitance network Ri, C2 for reli- 
able starting. Fine frequency control is achieved by adjust- 
ment of the pre-set capacitor C; in series with the crystal. 
The output of the crystal oscillator is fed to the phase- 
splitting transformer 7; which drives two OC72 transistors 
in the Dekatron drive stage designed to deliver 80V 
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Fig. 2. 


Transistor crystal oscillator and Dekatron drive unit 


r.m.s. to the first Dekatron divider stage. Stabilization of 
the voltage applied to this unit is achieved by the use of 
a Zener diode MR; which provides a 6-5V supply from the 
—39¥V input voltage 

In the particular application for which this equipment is 
designed, namely the control of radio beacons in coastal 
waters, it is not considered necessary to provide tempera- 
ture control of the crystal as the required degree of 
accuracy can be obtained without this complication. The 
normal practice being to reset the clock coder daily as a 
routine measure. If, however, it is necessary to operate the 
equipment on an unattended basis without time resetting 
at, say, weekly intervals it may be desirable to provide 
thermostatic control of the crystal temperature by an oven 
operated from the d.c. supply. 


ELECTRONIC TIME-KEEPING ELEMENT 


This unit, Figs 3 and 4, employs cold-cathode tubes 
throughout, the 8kc/s input frequency is divided down in 


Fig. 3. Block schematic electronic clock coder 
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successive stages by. valves V, to V7 inclusive, the final out- 
put pulse being at 1 pulse per minute. From Figs. 3 and 4 
it can be seen that V, is a conventional Dekatron divider 
stage giving an output at 800c/s, V; being an interstage 
pulse forming valve as the output pulse of 40V from the 
Dekatron is insufficient in amplitude and of opposite phase 
to that required to operate a further Dekatron stage. The 
output of V; is about 150V negative going and is applied 
to V;, another divide by 10 stage, with V7 as the interstage 
pulse forming valve. Another stage of division by 10 is 
performed by Vs resulting in an 8p/s output which is once 
again pulse formed by Vs before being fed to Vio and Vu 
which are two trigger tetrodes forming a divide by two 
stage whose output is at 4c/s; this output is used as the 
fundamental dot element for subsequent coding and will be 
discussed later. The circuit configuration of Vi and Vu is 
similar to that used in ring counters the method of opera- 
tion being as follows. Assume Vi to be switched on, its 
cathode will therefore be at a positive potential of about 
80V as also will be the trigger of Vu through a 1MQ 
resistor. The positive going input pulse to the two valves 
is fed to the trigger of Vio and Vn simultaneously. As the 
trigger of Vi has already been primed to 80V positive the 
positive input pulse of 150V applied to both triggers will 
cause Vu to strike. Current drawn through the common 
anode load of Vi, and Vu, will cause the anode voltage to 
drop below the level necessary to keep Vio struck so it will 
extinguish leaving Vi struck. The cathode of Vu is now at 
80V positive, thereby priming the trigger of Vio in readiness 
for the next incoming pulse; it can therefore be seen that 
the output pulses on the cathode of Vu are at half the 
frequency of the input pulses. After being pulse formed in 
V1, the 4c/s is divided by 4 in Vi; which is a 12-way selector 
tube whose cathodes are joined to give division by. 4 while 
Vi; is a similar tube strapped to give division by 6, the 
resulting output of Vi; being at 10 pulses/minute. Further 
division by 10 in Vi; gives an output of 1 pulse/minute 
which is also taken to the coding chassis. Provision has also 
been made for operating a 30sec impulse clock, V1, being 
connected such that outputs are taken from cathodes B 
and D, the output of cathode B being used to trigger valve 
V29 whose cathode is connected to give a positive output to 
fire V2, cathode D of Vi; firing V2 direct. Isolating recti- 
fiers are included in the common feed to the trigger of 
Vx to reduce to a minimum the mutual loading. Cold- 
cathode tube V2 is needed to reduce the total load on the 
cathodes of V:; to ensure that pulses of adequate amplitude 
are available for operating the 30sec impulsing valve V2 
and also Vis the pulse forming stage for valve Vis. Valve 
V2; has in its cathode relay 7/4 which operates each time 
the valve strikes, contact T2 also in the cathode circuit being 
a ‘Y’ contact breaks after all other contacts have com- 
pleted their operation, thus releasing T/4 by extinguishing 
Vu. Impulsing of the 7, contact is used to step the 30sec 
impulse clock mounted on the front panel; contacts T; and 
Ts are employed in the clock coder fault warning system. 

Final divivsion in the timing element is performed by Vi» 
a 12-way selector tube connected to divide by 6, cathodes 
1 and 7, 2 and 8, 3 and 9, 4 and 10, 5 and 11, 6 and 12, 
being connected together so that each complete revolution 
of V;; divides by 6 twice. Outputs from Vi are therefore 
available at each minute of the 6 minute period which is the 
normal characteristic period employed in the beacon net- 
work. For convenience of wiring, Vis is mounted on the 
coder unit in such a way as to be visible through the front 
panel thus giving a visual indication of the precise minute 
reached in the 6 minute period. When continuous transmis- 
sion is required relay CC/8 is energized, the complete 
operation being discussed later. 


AUGUST 1959 


ELECTRONIC CODING ELEMENT 


Before proceeding to describe the operation of the coding 
unit in detail it is necessary to understand the cross con- 
nexions in a 50-way plug which is used to determine all the 
coding details for the required station. Thus, substitution 
of the 50-way plug is all that is necessary to change the 
code and sequence minute of the equipment. This plug is 
mounted on the coder chassis. Figs. 3 and 4, to provide the 
following functions: 


(1) The appropriate minute in the six minute cycle 
during which the code is sent is determined by 
connecting: 

t 1o either BB for 1** minute 
CC for 2™ minute 
DD for 3" minute 
EE for 4 minute 
FF for 5“ minute 
HH for 6 minute 

(2) The letters comprising the code word by connexton 
of pins A-L, M-X and Y-f to pin j or k, m or n, 
p or r respectively as is explained later. 


(3) The number of repeats of the code word before 
and after the long dash by connexion of pins 
s to v giving 2 repeats before 
* ee ee oe = 
x ae <a 


and 
u to w giving 2 before 1 after 


z= % 3 ” 1 ” 
y » 4 “a far 
Zz ” 4 ” 2 ” 


(4) The length of the code word in dot elements if it is 
between 20 and 30 dot elements long by con- 
nexion of any of the pins. 


Y-f to pin A. 


In order to understand the action of the coder unit it is 
helpful to use both the block schematic Fig. 3, and the 
theoretical circuit diagram, Fig. 4. The transmission of a 
coded signal is initiated by Vw stepping to the appropriate 
minute in the 6 minute period, this causes a d.c. voltage 
of about 40V to be extended through the appropriate con- 
tact (one of the group BB to HH) on the 50-way plug to 
pin r; this voltage step performs two functions, the first to 
open gate 1 by applying 40V positive via a blocking rectifier 
to the junction of a 0-0luF capacitor and a 3-3MO resistor, 
this voltage being sufficient to overcome the standing bias 
on rectifier MR: which then passes the 4p/s to the trigger 
of V2; and hence to gate 2 and gate 3. The second action 
of the pulse on pin f is to fire Vs a normal tetrode tube 
which in turn extends a pulse to the closed count of 4 
formed by valves Ve to Vis, the discharge normally: resting 
on Vi, in the quiescent state, the discharge then moves 
round one stage to Vw thus opening gate 2 by applying a 
d.c. potential to MR, from the cathode of Va through an 
isolating rectifier. Gate 1 is provided to limit to the actual 
minute of code transmissions the period during which the 
4p/s is extended to the coding unit thereby preventing the 
transmission of any beacon from lasting more than one 
minute due to a fault condition in the coder which might 
cause such interference with the remaining beacons in the 
group as would make direction-finding impossible. 
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Fig. 4. Electronic clock coder wiring diagram 
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Gate 2 having been opened, pulses at 4p/s are extended 
to V2;, a 10-way selector tube which provides the identifica- 
tion signal, 3 outputs being taken from cathodes 1 to 6 and 
8, two outputs from cathodes 7 and 9 with cathode 0 having 
One output which fires V2. for the reasons described below. 
This has been done to conserve the number of outputs 
required as it can be shown that all code letters includ- 
ing the break before the long dash require an even number 
of dot elements, 3 outputs are not required on cathodes 
7 and 9, but they are required on cathodes 1, 3 and 5 as 
they provide dot elements 21, 23 and 25 in the code, all 
of which may be required. The outputs from each cathode 
of V2; are taken through isolating capacitors and rectifiers 
and connected to the 50-way socket pin A to pin f. In order 
to provide the 28 outputs required V2; is caused to rotate 
three times: during the first revolution the outputs are 
taken from pins A to L, during the second revolution from 
pins M to X and during the third revolution from pins 
Y to f, Vos is triggered from the 10 cathode of V2; and in 
turn fires V2; which steps Vo, a 12-way selector tube con- 
nected to give a count of 3 by strapping cathodes, 1,4,7 with 
10, and 2,.5, 8 with 11, and 3, 6, 9 with 12. The discharge 
on V+» normally rests on cathode 3, or any of the cathodes 
commoned to cathode 3, a d.c. voltage being extended to 
the coincidence circuits through rectifiers MR; and MR, to 
bias ‘ on’ rectifiers MR; and MR; respectively. Leaving this 
point of the circuit for a moment and returning to Vs; 
which in its normal state rests on cathode ‘0’ and assum- 
ing that a start mark signal is required, the first pulse from 
Vx will step V2; round one to cathode 1 and a pulse of 
some 40V will appear at pins A, M and Y, if then pin A 
is connected to pin 7, as MR; is now conducting a pulse will 
pass via a 0-1 capacitor which is connected to the mark 
trigger line. Similarly to terminate the mark the output 
from cathode 2, if a dot is required, or from cathode 4, if 
a dash is required, is taken from pin B or D respectively 
and connected to pin k which feeds the pulse through MR: 
to the space trigger rail. It can therefore be seen that outputs 
can be taken from any of the cathodes of V2; and connected 
to the appropriate mark or space trigger rail. When the 
discharge in V2; steps on to the ‘0’ cathode, Ves and Vs 
are fired and V2») steps round one position, MR; and MR; 
are biased off as the d.c. voltage on MR; and MR, has been 
removed, but MR» and MR» are biased on by the d.c. fed 
through MR; and MR; from cathode 2, 5, 8 or 11 of Vx. 
Valve V2; now commences its second revolution with out- 
puts taken from the appropriate cathodes via pins lettered 
M to X and connected to pin m for mark and pin n for 
space, MR, and MRw now biased on extends these pulses 
to the mark or space rail as selected. 

The outputs that were previously connected to pins j and 
k are no longer effective as these pins are isolated from the 
mark and space rails by rectifiers MR; and MR; which are 
biased off. When the discharge reaches cathode ‘0’ of V2; 
for the second time V» is once again stepped on, biasing 
off MR, and MR» and opening MRi; and MRu, the output 
from Vs; being taken from pins Y to f which are connected 
to pin p for mark and pin r for space. During the third 
rotation of V2; it may be necessary to step from any cathode 
to cathode ‘0’ if the number of dot elements in the identifi- 
cation signal is less than 30. This forced stepping is per- 
formed by V2;, the action being as follows. Cathodes 1, 4, 7 
and 10 and 2, 5, 8 and 11 of V2 are connected to the trigger 
line of Va; by MRis and MR;; respectively which during the 
first two rotations of V2; cause a steady d.c. voltage to be 
applied to MR1; which is biased off, during the third revolu- 
tion, however, no biasing voltage is extended to MRn so 
any incoming pulse on pin h, which is connected to that 
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cathode of Vz; which delivers the last space pulse in the 
code signal will fire V2; and result in its anode potential 
dropping by 140V, this negative pulse is connected to 
cathode ‘0’ of V2; and forces the discharge to jump to this 
cathode by virtue of its being so much more negative than 
the other cathodes. When the discharge in V2; reaches 
cathode ‘0’ for the third time V2 once again steps and 
MRx is biased off, simultaneously a pulse is extended to 
fire V3 which in turn steps Vs: from cathode ‘0’, its home 
position, to cathode 1. The function of Vs: is to determine 
the number of transmissions of the identification signal 
both before and after the long dash d.f. signal, the process 
by which this is done will now be described. On each occa- 
sion when the discharge in V2 reaches its normal home 
cathode, i.e. after every three revolutions of V2, Va is 
stepped on one position and by taking an output after the 
requisite number of steps the number of code transmissions 
is selected. Assume that three transmissions are required 
before the long dash d.f. signal then the output on pin w 
would be cross connected in the 50-way plug to pin s to fire 
Va which in turn steps the ring counter Ve to Vis round 
one to V43, this causes gate 2 to close and gate 3 to open 
as the standing bias on MR; is overcome by the d.c. voltage 
fed from Va. 

Pulses at 4p/s are now fed to Vs; and hence to Vx in 
order to commence the long dash d.f. signal. A bi-directional 
10-way computing tube with intermediate outputs is used 
for Vs which is arranged to send a mark pulse through 
MR as soon as it steps from its home cathode and also 
to fire V3; which in turn steps Vs, a 12-way bi-directional 
computing tube with intermediate outputs; the stepping of 
Vis is carried out by V3; which acts as the coupling trigger 
tube between V3 and Vz. This process is repeated for 9 
revolutions of V3 with a mark pulse produced each time 
but as the code relay is already on mark this pulse has no 
effect. On reaching the 10 revolution in Vu, Vs. is stepped 
to the 11% position and a space pulse is sent from Vx 
through rectifier MR and at the same time the d.c. bias 
on MR: is overcome by the cathode voltage of Vz. fed 
through isolating rectifier MRx. Vs continues to step at 
4p/s for a further 5 pulses when an output is taken to 
perform two functions, firstly to fire V3; which resets to 
their respective home positions both Vx and Vz. in the 
manner previously described and secondly to fire Vs 
which now moves the discharge in the set of 4 ring counter 
Ve to Vs; round one position to V.., thus closing gate 3 
and reopening gate 2. It is necessary to continue to count 
5 dot units after completion of the long dash d.f. signal in 
order to give the requisite break before once again trans- 
mitting the identification signai. 

Returning now to that part of the coder which is con- 
cerned with the identification signal it will be remembered 
that V2; discharge is on cathode ‘0’, Vz discharge on 
cathode 3 or any of the other cathodes that are linked to 
3, Vs discharge is at cathode 3 having so far counted 3 
transmissions of the code letters. With gate 2 once again 
open V2; will proceed to step round as before and assuming 
that only one transmission of the identification signal is 
required after the long dash df. signal then pin x on the 
50-way plug will be cross connected to pin u as also will 
pin AA. The pulse on pin u fires Vo which once again steps 
the ring counter round one position to Vi, thus shutting 
gate 2, the pulse on 4A fires Vx, which resets Vs: to its 
home cathode. When V1. steps on receipt of the next minute 
pulse gate | is closed and all valves in the coder circuit are 
in their normal waiting state ready for the next initiation 
pulse 

Operation of the code relay C/2 from the mark and space 
rails is carried out by Vis and Vi. the code relay being con- 
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nected in the cathode of Vis. The mark rail is connected to 
the trigger of Vis, a normal ietrode trigger tube which fires 
each time a mark pulse appears on its trigger, the circuit 
being arranged to be self quenching. When Vi fires its 
cathode potential rises by 150V and the resulting pulse is 
fed to the trigger of Vis the code valve. This code valve is 
a trigger tetrode of slightly different design to most of the 
other trigger tubes used and takes a high current which is 
needed in this case to operate the polarized code relay C/2. 
The circuit of Vis is such that once it has fired it stays con- 
ducting until extinguished by an external stimulus, in this 
case a space pulse. Pulses on the space rail fire Va, again 
a high current tetrode, thus causing its anode voltage to 
drop by 150V; this negative pulse is extended to the anode 
of the code valve Vis which is extinguished due to the 
sudden reduction of anode voltage which makes it impos- 
sible for the discharge to maintain itself. 

As mentioned earlier provision has been made in this 
equipment for continuous transmission during fog or for 
calibration purposes, relay CC/8 being used to perform this 
function. Contacts CC; to CC; are arranged to common all 
the cathodes of Vis, thus keeping gate 1 permanently open, 
contact CC; brings valve Vx into circuit to give a ‘code 
start’ pulse at the start of each minute as it is now no 
longer possible to obtain an output from Vi for this pur- 
pose as all its cathodes are commoned. Contact CCis is 
provided to lock relay CC/8 over its own contact so that 
the release of CA /3 relay does not affect relay CC/8 during 
a continuous transmission period, Operation of the manual 
switch S$, prepares the circuits for relay CC/8 which 
operates when contact CA: makes, that is when the equip- 
ment transmits its normal code transmission which could 
be anything up to 5 minutes later, CC; locks in CC, relay 
and continuous transmission follows. On release of S2 con- 
tact CA; holds relay CC/8 until the termination of the 
current transmission period when relay CA/3 releases in 
turn releasing CC/8 and returning the equipment to normal, 
ready to take up transmission during the normal minute 
period. 


RE-SETTING 


It will be appreciated that when the equipment is 
switched on, the discharge in each multi-way tube will be 
positioned at random between any cathode and anode, con- 
sequently it is necessary to provide a re-setting circuit which 
will ensure that the discharge on each iube is taken to the 
zero cathode. Provision must also be made for striking 
those tetrode trigger tubes, in divide by two stages or in 
ring counters, that normally have the discharge resting on 
them. For re-setting purposes relay RS/5 has been pro- 
vided and will normally be operated by the reset switch on 
the front panel although it could equally well be operated 
by radio link or by land line connexion. Contact RS; is 
arranged to reduce the anode voltage of Vis, the code valve, 
to a level below the maintaining voltage, thus extinguishing 
Viz. The resetting of all the multi-way cold-cathode tubes is 
done by contact RS: which is normally made and short- 
circuits the resetting resistor; during reset, however, RS: 
breaks and the resetting resistor is connected in series with 
all the cathodes of the multi-way tubes except the zero 
cathode which remains connected to earth. The 470k re- 
setting resistor is also connected in series with the guide 
potential divider and consequently a positive potential 
exists across it which ensures that all cathodes connected to 
the reset line are sufficiently positive to prevent a discharge 
between any one of them and anode. The only path able to 
Sustain a discharge being between zero cathode and anode 
with the result that the discharge jumps to the zero cathode 
as required. 
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Fig. 5. Clock coder warning system 
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The set of ring counters Vy to Vas and the divide by two 
stage Vi and Vu: have to be primed on resetting the equip- 
ment as the operation of the circuits require that a dis- 
charge shall rest in one of the tubes. As this is not achieved 
on switch-on contacts RS; and RS; are used to connect 
the trigger of Vi and V,; to the h.t. line through a 470kQ 
resistor thereby causing these tubes to strike, the circuits 
are then primed and await the next input pulse before 
stepping on. The last contact RS, on the reset relay is 
employed to provide a start impulse on cathode ‘0’ of 
Vi» when the equipment is reset; a 0-0luF capacitor being 
charged up to h.t. voltage and then discharged to cathode 
‘0’ when RS, releases, this pulse provides the start signal 
to the equipment should a code transmission be required 
during the first minute. 


TRANSISTORIZED CLOCK CODER WARNING SYSTEM 


The operation of relay CA/3 during the actual period of 
transmission of the code has already been described 
together with the functions of contacts CA: and CAs. 
Contact CA; is used in a transistorized warning system 
shown in Fig. 5. This unit carries out the following 
functions: 


(1) Ensures that there is no mark of duration longer 
than 30sec. 


(2) Ensures that there is no space of duration longer 
than 3sec. 


(3) Ensures that impulses are received from the time 
keeping element at intervals of less than 45sec. 


Should any of the above conditions not be fulfilled a 
fault condition is indicated by relay AL/1. 


The warning system consists essentially of three tran- 
sistorized timing circuits followed by a bistable flip-flop 
circuit which operates the fault relay. 

The transistor timing unit, Fig. 5, uses two Mullard 
OC7? transistors which operate from a SOV d.c. supply the 
method of operation being that the rate of discharge of the 
timing capacitor C, is set by means of transistor X; which 
acts as a constant current discharge path when relay con- 
tact SCi, of the slave code relay, is operated, thereby con- 
necting a negative d.c. bias from the junction of R; and Rz 
to the base of transistor X;. This bias together with the 
resistor R: determines the discharge current of C:. As the 
discharge coniinues the voltage on the emitter of X2 falls 
until such time as the emitter of X: is slightly positive 
to the base whose potential is set by resistors Ry and R:, 
when this occurs transistor X: takes current and an output 
is taken from the collector through diode MR:. If, however, 
contact SC; is returned to normal before X2 takes current 
capacitor C; is recharged to full h.t. voltage through Ri: 
and the base-collector path of X:, Ri being of suitable 
value to limit the charging current to a value that can safely 
be handled by X. It can therefore be seen that by making 
the effective discharge time cf C, 30sec, an output will be 
obtained if the code relay stays in the mark condition for 
longer than 30sec. Similarly with the second timer unit as 
CA, is operated during coding, if the code relay remains 
on space for longer than 3sec an output is once again 
received at MR2. The third timer unit which is used to 
check the 30sec impulses from the clock is slightly 
different as the relay contact 7; is only operated for a very 
short period during which time it is necessary to charge 
Cs to the full SOV. To perform this function with safety 
an additional contact of relay T has been used to charge 
capacitor C; through a very low value resistor Ru, thereby 
safeguarding transistor X;. When relay T operates C; is 
charged through Ry and on the release of relay T C; is 
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discharged in the way previously described. If therefore 
contact TJ; remains in its normal position for longer than 
45sec diode MR; delivers an output. 

For indication of a fault condition use has been made of 
a transistor bistable flip-flop circuit with manual reset 
facilities, the circuit being shown in Fig. 5. This circuit 
employs standard low voltage transistors operating from a 
potential divider Rz and R2; across the 50V supply, tran- 
sistor Xs being normally conducting and transistor X, 
normally cut off. The receipt of a positive going pulse on 
the base of transistor X; from any of the diodes MR, 
MR:, or MR3, causes X; to cut off, which in turn gives a 
positive going pulse on diode MR,. The action of transistor 
X; being to provide an impedance matching stage between 
the high impedance timer circuit and the low impedance 
flip-flop circuit. The positive going pulse on MR, 
cuts off transistor Xs which by the well-known flip-flop 
action causes transistor X» to conduct, thereby operating 
relay AL/1 the fault relay. To reset the flip-flop circuit 
the base of X> is shorted to emitter through capacitor C,, 
thereby causing X» to cut off and Xs to conduct, the circuit 
then being in its normally waiting condition. 

In the present unit the transistorized timing units and the 
flip-flop circuit have been encapsulated to provide small 
plug-in units 14in in diameter and 2in high, the timing 
capacitors being external to the encapsulated units so that 
by the addition of a suitable capacitor any desired time 
delay can be obtained up to about 90sec. 
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APPENDIX I 
Example of Connexions on 50-Way Plug 
Signal required RY repeated three times 
25sec d.f. signal 
RY repeated once. 


The transmission to take place during the second minute 
of the 6 minute period. Connect pin ¢ to pin CC. 


The identification signal RY is obtained by making the 
following connexions. 


Revolution 1 of V2; connect j to pins A. C. H for mark 
connect k to pins B, F, J. for space 


Revolution 2 of V2; connect m to pins M. S. U for mark 
connect n to pins R, T X for space 


Revolution 3 of V2; connect p to pin Y for mark 
connect r to pin b for space. 


To reset V2; connect pin / to pin e. 


As a space of 5 dot elements is required after each set of 
identification letters Ves is reset from the fourth output 
after the end of the code letters and allowed to remain on 
the home cathode ‘0’ for one dot element before restarting 
to transmit the code letters, thus giving the required total 
space of 5 dot elements between groups of letters. 

In order to transmit the identification signal three times 
the third cathode of V3 is connected to pin u, ie. pin W 
to pin u; the first cathode of Vs is not brought out as 2 
minimum of two sets of identification letters will be 
required. 

The d.f. signal follows for 25sec with a space of 5 dot 
elements before the code letters are again transmitted once. 
As only one transmission is required the 4" cathode of Vn 
is connected to pin AA, i.e. pin x to pin AA and to pin s 
which closes gate 3 and leaves the equipment waiting for 
the next initiation pulse. 
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The Design of Thyratron Stabilized D.C. 
Supplies 


By B. G. Higdon*, B.Sc., and M. E. Bond* 


For stabilized h.t. supplies at currents greater than about 0-5A d.c. the grid controlled gas-filled 
rectifier is, in general, preferable to the series vacuum valve type of stabilizer. 
In this article the design of the thyratron type stabilizer and the components incorporated in it 
is dealt with in some detail. Both a simple stabilizer and a more complex unit incorporating an 
amplifier in the feedback loop are discussed and performance details are given. 


(Voir page 506 pour le résumé en francais: Zusammenfassung in deutscher Sprache Seite 510) 


HERE are frequent occasions when a stable direct 
5 fer el is required for use with electrical and electronic 
apparatus. When only small currents (<0:5A) are required 
the series vacuum valve method of stabilizing the output 
from a rectifier is commonly used. For currents greater than 
this, however, the series vacuum valve type of stabilized 
supply becomes increasingly bulky and inefficient, It is for 
currents greater than 0-5A, therefore, that the thyratron 
stabilized supply is to be preferred. In fact for large 
currents, up to approximately 70A, its high efficiency and 
low cost make it very attractive. 


General Principles of Operation 

Nearly all stabilized supplies rely for their stability on a 
continuous comparison between a fraction of the output 
voltage and a standard voltage. 

The changing differences between these two are fed back 
to a control element which varies the quantity of electricity 
passing through it. Thus the complete network attempts to 
maintain the output voltage constant. Sometimes the feed- 
back voltage is amplified before being applied to the 
control element. 

In a thyratron stabilized supply the thyratrons are the 
contro] elements and are used as grid controlled rectifiers. 
The mean current passing through the thyratron is varied by 
changing the instant during the forward half cycle at which 
conduction starts. In a thyratron conduction starts when 
the control grid passes through the critical grid voltage 
from negative towards positive. 

Control of the firing angle can be achieved in several 
ways but the one most convenient for a stabilized supply is 
to use the so-called ‘ vertical’ method of control in which 
an alternating voltage (normally retarded in phase with 
respect to the anode voltage) is applied to the thyratron grid 
in series with the controlling direct voltage. 

Thus as the control voltage is made more positive or 
more negative with respect to the cathode of the thyratron 
the instant in the cycle at which the grid potential passes 
from positive to negative through the critical grid voltage 
is advanced or retarded and the thyratron fires either earlier 
or later in the cycle 

This is demonstrated in Fig. 1. 

The way in which a grid controlled rectifier operates 
makes it impossible to usz the controlling network to com- 
pensate for changes which occur at main or higher fre- 
auencies. fhe output from the rectifier has therefore to be 
smocthed with a suitable filter. Because of the peak current 
limitations of thyratrons and the ripple current limitations 
of capacitors a choke input filter will normally be used. 
The output capacitor will provide a low output impedance 


* Mullard Limited 








AUGUST 1959 





475 


at frequencies above that controlled by the feedback 
circuits. 

Although any type of rectifier circuit may be used with 
thyratron controlled stabilized supplies it is most con- 
venient to use those in which the controlled valves have a 
cominon cxthode connexion. All half-wave rectifiers can 
satisfy this condition and so do full-wave rectifiers in which 
only half the thyratron rectifiers are controlled, Certain 
diiliculties arise in connexion with the latter and only the 
two common half-wave systems, two-phase and three-phase, 
are considered further here. 
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Fig. 1. Vertical shift control 








Design Procedure 
The design requirements of a stabilized direct voltage 
supply are: 
(1) The required direct output voltage. 
(2) The maximum output current. 
(3) The minimum output current. 
(4) The mains input voltage variations over which the 
unit will operate. 
(5) The maximum ripple voltage tolerable in the out- 
put. 
(6) The maximum allowable output voltage variation. 


The first five of these points determine the rectifier and 
smoothing circuits required while the sixth determines the 
feedback and grid control circuits. The rectifier and smooth- 
ing circuits will be considered first. 

In all the figures and graphs which are shown it is 
assumed that the main transformer secondary voltage may 
change by up to + 10 to —20 per cent of its normal value due 
tosupply mains variations and transformer regulation losses. 
It is also assumed that the voltage losses due to the resist- 
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ances of the main transformer and choke and due to the 
arc-drop of the thyratrons will not exceed 35V except in 
Fig. 4 where it has been assumed that these losses do not 
exceed 25 per cent of the direct output voltage. If the 
voltage losses are greater than this the transformer voltage 
and choke inductance should be increased above those 
calculated by the following method. 


RECTIFIER AND SMOOTHING CIRCUIT 


The components used in the rectifier and smoothing 
circuits are: 


(1) The thyratrons. 

(2) The transformer. 

(3) The choke. 

(4) The smoothing capacitor. 


2400 








2200 








2000 











1800 }- 


1600 


1400 +-— 


1200 


1000 





PEAK VOLTAGE (Vv) 





800 


600 


400 


200 

















i | 
° 100 200 300 400 500 600 700 
fae CV) 





Fig. 2. Peak inverse and forward voltages 
The Thyratrons 

The thyratron ratings which are of primary importance 
are the maximum peak forward and inverse voltages and 
the maximum peak and mean currents The maximum peak 
forward and inverse voltages which can occur in these 
circuits for a given direct output voltage are shown in 
Fig. 2. This takes into account the supply variations and 
losses which have been mentioned before. 

The mean current passing through the thyratrons is the 
maximum direct output current divided by the number 
of phases. The maximum peak current passing will, in 
the ideal case, equal the maximum direct output current, 
but because the inductance of the choke used is not infinite 
the peak current through the thyratrons may well exceed 
the maximum output current by some 25 per cent. The 
thyratrons should be chosen so that these ratings are not 
exceeded. In addition the final circuit should be chosen so 
that none of the other thyratron ratings is exceeded. 


The Transformer 

The transformer secondary voltage required can be 
obtained from Fig. 3. It should be noted that this is the 
voltage from phase to neutral. For three-phase operation 
this should be clearly stated in the transformer specification 
as it is more normal in three-phase work to specify the 
phase to phase voltage. 
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Because the effect of the firing angle on the secondary 
current form factor is small when the controlled rectifiers 
have inductive loading, the secondary current r.m.s. rating 
can be taken as that of a normal rectifier with the same 
maximum mean output current. 

In this case Irm; = 0-707 Jac for a two phase circuit and 
0-577 lac for a three-phase circuit. In order to limit the 
losses the resistance of the transformer should be small. If 
the transformer is wound so that it has a larger leakage 
inductance than normal it will be found easier to adjust 
the circuit so that the commutation factor rating for the 
thyratron is not exceeded. . 


The Choke 
For a choke input system to operate satisfactorily in a 
rectifier circuit the inductance of the smoothing choke must 
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Fig. 3. Transformer voitage 


be greater than a critical value. This value is the minimum 
that will ensure that each thyratron conducts for the full 
interval between its own ignition point and that of its 
successor. 

The critical value of the smoothing choke is greater 
when the voltage output from the transformer secondary is 
at its maximum due to high mains voltage, etc., and when 
the load current is at its minimum. 

lf the choke inductance required for the maximum load 
current is much less than that required for the minimum 
current it is common practice to use a swinging choke 
rather than one of constant inductance because cost, bulk, 
and weight are reduced. When specifying a swinging choke 
it is essential to give the maximum and minimum currents 
and the inductances at these currents. 

The value of the critical inductance can be obtained 
from Fig. 4. It is desirable to use a choke of inductance 
greater than this critical value because of the assumptions 
and approximations made in its calculation. 

An increase of at least 50 per cent is recommended. 

The resistance of the choke should be small in order to 
limit the circuit losses. The choke should also have ade- 
quate insulation to withstand the peak voltages from the 
rectifier and the specification should include the peak volt- 
age across its terminals. 
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Fig. 4. Critical inductance value 


The Smoothing Capacitor 

The smoothing capacitor should be large enough to avoid 
resonance with the choke at the ripple frequency or at 
50c/s (mains frequency) for all values of the smoothing 
inductance. Otherwise its value is solely determined by 
the ripple voltage that may be tolerated in the output. To a 
first approximation the value of capacitor required will be: 


1:33 x 10-* x Eac 

oan A 

and 

2:78 x 107" x Ex 
VL 


where V; is the maximum acceptable ripple voltage, Ea is 
the output voltage and L is the minimum smoothing choke 
inductance in Henries. An increase of 50 per cent over this 
value is recommended to cover the effects of firing angle 
change and the large tolerance usually found in these com- 
ponents. The voltage rating of the capacitor should be 
adequate for the direct output voltage and it should also 
have an adequate ripple current rating. 


Farads for a two-phase half-wave circuit 





Farads for a three-phase half-wave circuit 


FEEDBACK AND GRID CONTROL CIRCUITS 

The stability of the power supply. with changes of mains 
voltage and output current will depend on the control and 
feedback circuits used. An appreciable degree 
of stabilization of output compared with the 
changes that occur in unstabilized supplies 
can be obtained with simple circuits. A much 
greater degree of stabilization can be 
obtained with increased complexity, i.e., by 
the introduction of an amplifier in the feed- 
back network. 

Two circuits, which approximately repre- 
sent the practical limits of simplicity and 
complexity are described here. If the degree 
of stabilization required is intermediate 
between those of the circuits described then 
this will be achieved by a circuit complexity 
intermediate between those shown. 

The circuits shown have been designed for 
a particular output voltage and current range 
and will need modification in order to 
operate satisfactorily at other output voltages 
and current ranges. 


Simple Control Circuit 
In the circuit shown in Fig. 5 feedback is 


AUGUST 





1959 


obtained by the action of the voltage at the thyra- 
tron cathodes increasing or decreasing with respect 
to a standard voltage applied to the thyratron grids. 
In this case the standard voltage is provided by a 
potentiometer across a reference tube. The 6V a.c. 
bias is applied solely to eliminate any differences in 
the characteristics of the thyratrons. If this alternating 
voltage is increased then the sensitivity of this circuit will 
be reduced, as will the stability of the output voltage. If 
the a.c. bias is reduced below the 6V shown then it will be 
inadequate to cover the possible range of variations of the 
thyratron characteristics, The resistor, capacitor network 
connected between the transformer and thyratron grid has 
the effect of retarding the phase of the grid waveform 
and also of attenuating any transient which could be passed 
to the thyratron grid through the grid-anode capacitance. 
With this circut the change in output voltage (nominally 
310V) which occurred with a load current change from 0°3A 
to 3-OA was 3V. The change in output voltage when the 
mains voltage changed from 180V to 240V was 8V. The 
maximum ripple voltage occurring was 2-0V_peak- 
to-peak. 


Amplifier Feedback Circuit 

In order to achieve greater stability of the direct output 
voltage a method of feedback similar to that commonly 
used in the series vacuum valve type of supply can be used. 
In this circuit which is shown in Fig. 6 a fraction of the 
Output voltage is compared with the voltage from an 85V 
reference tube V: using a double triode valve Vi as a 
difference amplifier. The anode of Vi is connected directly . 
to the grid of the pentode V; which further amplifies the 
voltage difference signal. The voltage drop across the anode 
load of V; is used to provide the variable d.c. bias for the 
thyratrons in the rectifier circuit. 

The grids and cathodes of V: are operating at the poten- 
tial of the anode of the reference tube which is approxi- 
mately 85V above the negative line. In order to provide 
an adequate range of voltage variation for the anode of 
Vi» the circuit has been arranged so that the anode poten- 
tial of Vi» is normally 150V. Because, then, the grid of 
pentode V3; is at 150V its cathode also needs to be at a 
similar potential, This is achieved with a minimum loss 
of gain due to cathode impedance by connecting the 
cathode of the pentode to the negative line through a 150V 
stabilizer Vs. This particular circuit will only operate if the 


Fig. 5. Thyratron stabilized supply with simple control circuit 
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Output voltage required from the power supply is greater 
than 250V. For lower voltages some re-arrangement is 
necessary ix order to ensure satisfactory operation. 

As in the simple type of control feedback circuit an a.c. 
bias is needed for the thyratrons in addition to the d.c. 
bias in order to achieve equal current distribution between 
them. In this circuit a much greater change in the d.c. bias 
occurs for a given change in direct output voltage and 














a damped oscillation of 9V peak-to-peak in the output 
voltage. The frequency of this oscillation is about 
lc/s and has fallen to negligible amplitude after 5 cycles 
(Ssec). A similar damped oscillation of 12V peak occurs 
with a sudden mains voltage change from 180V to 240V. 


TABLE 1 
Performance and Stability 




























































































greater precision in the thyratron firing point can be SUPPLY LOAD DIRECT RIPPLE MAX. DRIFT 
obtained by using a larger a.c. bias. VOLTAGE CURRENT VOLTAGE VOLTAGE OVER 
As mentioned earlier, feeding back ripple voltage to the (V rms.) (A) output (V)| (Vpk-pk) | 10Min(V) 
grids of the thyratrons cannot serve to reduce the ripple 240 0-32 309-9 0-5 0-07 
content of the output. In a thyratron stabilized supply the 240 3 309-9 2-0 0-05 
ripple voltage can only be reduced by the smoothing 220 0-32 310-0 0-5 0-02 
- circus 2 . : 220 3-0 310-0 1-8 0-02 
circuit Therefore unless very large smoothing components 180 0-32 | 309-9 0:5 0-04 
are used, the ripple content will be large compared with the 180 3-0 | 302-9 1°5 0-02 
tolerated voltage stability of the supply. 
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Fig. 6. Thyratron stabilized supply with amplifier feedback 


This relatively. large ripple content in the feedback circuit 
would be sufficient to overload the amplifier. This would 
cause erratic behaviour of the rectifiers. It is therefore 
necessary to filter vut the ripple in the first stage of the 
feedback circuit to overcome this effect, 

Unfortunately, the addition of the filter to remove the 
ripple in the feedback circuit causes a phase change in the 
voltage amplified. The choke and smoothing capacitor will 
also cause a phase change in the feedback loop with the 
result that there is a possibility of oscillation if the total 
phase change is 180° at a frequency where the loop gain 1s 
greater than 1. 


If this occurs it is essential to introduce components to 
damp the circuit so that the oscillation is not self sustain- 
ing. The circuit shown in Fig. 6 has operated satisfactorily 
under varicus conditions. The response of the circuit is 
such that it takes a few seconds to settle down after an 
extreme change in either the mains voltage or load current. 


With this circuit the changes of output voltage which 
occur with variations of mains input voltage and output 
current, together with the ripple voltage and the drift over 
10 minutes are shown in Table 1. 


The transient response of this circuit is such that a 
sudden change in load current from 0-32 to 3-2A produces 
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Smaller sudden changes of load current or mains voltage 
produce correspondingly smaller damped oscillations. It 
is believed that with more complex design this feature 
could be improved. In some applications this oscillation 
is unimportant. It has been found that a feedback network 
with reduced gain such that the change of direct output 
voltage is approximately 0-5 per cent for a change from 
1:0 to 0-1 of the full output current, makes this effect 
negligible. 


GENERAL PRECAUTIONS 

When stabilized power supplies using thyratrons are 
built it is essential that the final operating conditions of 
the thyratrons are measured and checked against the 
appropriate ratings in the published data in order to ensure 
satisfactory life. 

In addition attention to the following points is recom- 
mended : 

(1) Anode fuses are recommended for thyratrons, as 
for all rectifier circuits. 

(2) The life of the thyratrons will be increased if 
snubbing circuits are used to reduce the voltage 
peaks across the thyratrons and the commutation 
factor. 
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(3) When each thyratron fires the relatively sudden 
change of potential across it and the smoothing 
choke causes a current to flow which charges the 
stray capacitances in the transformer and choke. 
In order to avoid voltage pulses in the output due 
to this it is essential that all earth connexions of 
both rectifier and feedback circuits are returned 
to a single point. 

(4) It is good practice also to place a capacitor of 
small effective inductance in parallel with the main 
smoothing capacitor. This provides a low imped- 
ance at high frequencies. 


General 

This article contains the basic information necessary for 
the construction of thyratron stabilized direct voltage 
supplies when certain assumptions are made. 

Several power supplies with different voltage and current 





ratings have been constructed according to these principles 
and are in regular use. One, built as the circuit shown in 
Fig. 6. but modified for 250V output, has had its output 
voltage monitored by a recording voltmeter and has proved 
to have a long-term stability equal to that of the best 
series vacuum valve types of supply available. 

A type of thyratron stabilized power supply in which a 
constant output is stabilized against mains variation was 
previously described by L. Knight". 
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Medical Electronics 


A Report on the Second International Conference in Paris 


Following the First International Conference on Medical 
Electronics held in Paris last year, the Second Conference 
was held at the UNESCO building in Paris from June 24 
to June 27 with over 400 delegates attending from seven- 
teen countries. The conference was under the patronage of 
Monsieur Chenot, the Minister of Public Health with Dr. 
A. M. Monnier, Professor of Physiology at the Sorbonne 
as the President. The two Vice-Presidents of the Confer- 
ence were Monsieur P. Abadie, Président de la Société des 
Radioélectriciens and Dr. M. Marchal, Directeur a I’Ecole 
des Hautes Etudes. Associated with the conference was an 
exhibition of commercial medical electronics apparatus 
together with demonstrations of scientific equipment. 

At a meeting of the interim committee, formed at the 
first conference, it was agreed to form an International 
Federation for Medical Electronics, the members signing 
this declaration becoming founder members. As laid down 
in the statutes, the objects of the Federation are to 
encourage the development and dissemination of know- 
ledge in Medical Electronics throughout the world and 
various functions are put forward to assist in achieving 
them. Membership is open to interested persons who satisfy 
the requirements of the Federation and such members will 
form the General Assembly. The control and direction of 
the policy is to be vested in the Council composed of two 
delegates for each country. The responsibility for the ful- 
filment of the scientific and business obligations is given 
to an Executive Committee elected by the General 
Assembly. 

The conference was opened by M. Anjaleu of the Depart- 
ment of Public Health. National representatives then gave 
reports on the progress of medical electronics in their 
Tespective countries, the opening session being concluded 
with five special lectures by speakers from Germany, 
France, U.S.A. and Great Britain. In the following sessions, 
Over 150 papers were presented under general headings of 
Biochemistry, Manometry. Physiology, General Medicine, 
Electroencephalography, Respiration, Computers, Cardi- 
ology, Oculography, Ultrasonics, Radiology and Obstetrics. 


AUGUST 1959 (K) 479 


These were covered in two parallel sessions, both having 
translation facilities for French and English. In addition 
two other rooms were available for symposia and discus- 
sion groups. 

The proceedings of the conference, including all papers 
are to be published in French and English and will be issued 
to the members of the Conference. 

At the closing session Dr. V. K. Zworykin was elected 
President of the Association with Professor A. M. Monnier, 
Dr. M. Marchal and Dr. C. N. Smyth as Vice-Presidents. 
The other officers elected were Dr. A. Rémond, Secretary 
and Mr. B. Shackel, Treasurer, with three other members 
of the Executive Committee, Dr. C. Berkeley, Mr. W. J. 
Perkins and Dr. R. C. G. Williams. The two delegates put 
forward by the British delegation to represent them on the 
Council of the Federation were Professor R. Woolmer and 
Dr. A. Nightingale. The General Assembly agreed to an 
annual subscription equivalent to one pound sterling per 
annum. The proposal to arrange a conference next year 
aroused considerable discussion, it being finally agreed to 
consider the possibility of running the third conference in 
London next year. 

The UNESCO building was an ideal setting for the con- 
ference but it would appear that the use of slides during 
lectures is most unusual, the arrangements being quite 
inadequate. If criticisms are to be made of the organization, 
there were probably too many papers for the time allowed. 
This may have heen partly due to the large backlog of 
information available and may not apply to future meet- 
ings. Cross-linkage between rooms showing the papers 
being read might have helped, but less main papers and 
more time for discussions between persons having common 
interests would appear to provide a better basis for a con- 
ference of the kind. Nevertheless in bringing so many 
people together the Conference was undoubtedly a success, 
and the prospects of disseminating information among 
members of the newly formed Federation are a step towards 
achievement of the aims of Dr. Zworykin in organizing the 
first Medica! Electronics Conference. 
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Transistor Blocking Oscillator for Use in 
Digital Systems 


By Agnes A. Kaposi*, Dipl.Ing. 


A saturable transformer is used in a blocking oscillator circuit. It is shown that the pulse 
length is independent of the transistor parameters, of the temperature and of load current. Practical 


circuits have been made giving pulse lengths from 


/-Susec upwards. The circuit is particularly 


suitable for driving magnetic core counters. 


(Voir page 506 pour le résumé en francais: Zusammenfassung in deutscher Sprache Seite 510) 


PULSE generator for use in digital computer work 

must satisfy some general requirements. The pulse- 
length and amplitude must not depend on the trigger and 
must be reasonably independent of the transistor para- 
meters and temperature. It must also be able to supply. a 
range of load currents. 


The Blocking Oscillator and Its Disadvantages 


The grounded base blocking oscillator (Fig. 1) appears 
to satisfy a number of the above requirements, but it has 


Output 


Fig. 1. Basic circuit of a grounded base blocking oscillator 
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Fig. 2. Variation of pulse length 


(a) With final transistor current from one transistor to another 
(b) With parallel load 
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several disadvantages. Firstly the pulse-length itself is to 
a great extent a function of the final transistor current, that 
is, of 7’, re and ry»’. Fig. 2 illustrates this effect, and gives 
an indication of the pulse-length variations which occurred 
in a circuit similar to that of Fig. 1, when a transistor 
(designated Xi) with a high value of «’ was substituted for 
another (designated X2) with a low value of 2’, both tran- 
sistors being of the same type. Secondly there is a pulse- 
length reduction proportional to the load-current taken. 
(See Fig. 2(b)). 


Application of a Saturable Transformer 


The two above disadvantages may be overcome by the 
use of a saturable transformer. A hysteresis loop is 
shown in Fig. 3. Due to previous operations, the block- 
ing oscillator transformer is. at the beginning of each 
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pulse, in the state of remanent magnetism shown by W. 
The circuit is arranged so that when the blocking oscillator 
operates, the transformer is driven to saturation, i.e. in 
case of the X; transistor to point Z and in the case of X:2 to 
point Y. 

As the transistor is bottomed in this period, it is easy to 
see that the collector current follows the curve shown in 
z 
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Fig. 3. Hysteresis loop of a transformer driven into saturation 
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Fig. 4. Collector current wave- Fie. 5. Effect of lozd upon 


co'lector current waveform in a 
saturated-transformer blocking 
oscillator 


form o! a saturated-transforme- 
blocking oscillator 


Fig 4. The steep rise in the current at the end of the 
pulse leads to very little change in pulse-length with varia- 
tions of transistor parameters. 

Fig. 5 shows the effect of a parallel load on the pulse- 
length. Since the current rises very rapidly at the end of 
the pulse, the variation of the pulse-length as the load 
changes is small. A blocking oscillator with a saturating 
transtormer lends itself admirably. to driving magnetic core 
counters. If a square-loop core is switched by a constant 
voltage pulse, during switching the core presents a constant 
impedance; at the end of the switching operation the im- 
pedance decreases very tapidly. The corresponding 
current waveform is shown in Fig. 6. 

In order to switch the core by a blocking oscillator, the 
latter is arranged to have an unloaded pulse length T 
greater than 7, the switching time of the counter core 
(Fig. 7). At the end of the period 7 the counter core tends 
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to take an increasing current. This is limited by the col- 
lector current J. available of the blocking oscillator tran- 
sistor, and the oscillator switches off shortly after 7. Thus 
the switching time of the counter core controls the length 
of the pulse generated by the oscillator. If the counter 
core is in the switched state when the blocking oscillator 
is triggered, the load presented to the oscillator is nearly a 
short-circuit and the pulse is terminated immediately. 
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Fig. 6. Waveform of switch- 

ing current of a square-loop 

magnetic core in constant vyol- 
tage operation 


Fig. 7. Collector current wave- 
form of a saturated-transfor- 
mer blocking oscillator (full 
line) switching a square-loor 
magnetic core 
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Experimental circuits 


Fig. 8. 


Results with Practical Circuit 


Two alternative types of transformer core were used ir 
experiments: a high permeability material (77 per cent 
Ni-Fe alloy) and a rectangular loop material (WX 13: 
80 per cent Ni, 8 per cent Fe, 12 per cent Mo alloy). The 
trigger was supplied by an emitter-follower which had its 
collector commoned with the collector of the blocking 
oscillator. The experimental circuits are shown in Fig. 8. 
Fig. 8(a) also includes the constant current circuit which 
resets the square-loop blocking oscillator core in between 
trigger pulses. 

Measurements were made with the two blocking oscilla- 
tors operating under similar conditions and the results were 
found to be very similar. Hence only those obtained with 
the 77 per cent Ni-Fe alloy blocking oscillator will be dis- 
cussed in detail. 

The results will be considered under the following 
headings : — 


(1) The effect of transistor parameters on the pulse 


length and amplitude. 
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2) The effect of resistive load on the pulse length 
and amplitude. 

The application of the blocking oscillator to 
switching a magnetic core counter. 


(3) 


(1) EFFECT OF TRANSISTOR PARAMETERS 
The transistors used in this experiment had the following 

characteristics : 

Xi: 2’ = 110 with Ve. = —1-5V and 4=1mA 

X2: 2’ = 27 with V.= —1:5V and J» = ImA 
There was no measurable difference between the collector 
voltage pulses in the two cases. Damping was not applied, 
but the overshoot was caught at —SOV (Fig. 9(a)). 


The base current waveform shows that the transistors 
were heavily bottomed (Fig. 9(b)). 
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Fig. 9. Waveforms of experimental circuit of Fig. 8(b). Blocking oscillator 


on no load 
X, Transistor 
——— X,, Transistor 
(a) Collector voltage with both X, and X,, transistors 
(b) Base current 


(c) Collector current 


Apart from the value of the final transistor current, the 
collector currents in the two cases are similar. 


The value of the emitter control resistor, Re, was 33. 


(2) EFFECT OF THE LOAD 

When a load is connected, the transistor collector imped- 
ance is reduced, so that the transistor is not bottomed as 
heavily as in the unloaded case and the base current is 
reduced. As the base current must be sufficient to keep 
the transistor bottomed, this sets a limit to the load current 
available with a particular emitter control resistor. 

Fig. 10 shows a range of results with Re = 330. This 
range can be extended if R. is reduced, for example in 
Fig. 11 a set of results can be seen with Re = 22). 

For a range of 68 to 197mA load current a drop of 4:5 
per cent was measured in the output voltage. An addi- 
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Fig. 10. Waveforms of ———— circuit a Fig. 8(b). Effect of 
resistive load with R, = 332 


ee §6 S52 load, I,,.4 = 202mA 
—— 62Q load, 1,,,4 = 111mA 
ome ome — 100Q load, 1,,,4 = 69mA 

(a) Output voltage 

(b) Collector current 

(c) Base current 


tional drop of approximately 6 per cent was caused by a 
further 80mA increase of load current. No more than 
4 per cent variation of pulse length was observable over 
a range of 69 to 202mA (Fig. 10). 


(3) BLocKING OSCILLATOR SWITCHES COUNTER 


Fig. 13 shows an arrangement in which a counter em- 
ploying ten square-loop cores is operated by. blocking 
oscillators. Each counter core has three windings. <A 
separate ‘ switching’ blocking oscillator is connected to one 
winding on each core and the ten oscillators are triggered 


Fig. 12. (below) Idealized hyste- 
resis loop of —- cores of Fig. No.!O 
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Fig. 13. (right) Blocking oscilla- 
tors operating a counter of mag- 
netic cores 


Counter cores: Plessey S3 9mm 
All windings 20 turns 


Blocking oscillator transformer : 
Scott 77% Ni-Fe alloy size 27 
75 wraps, 0-00lin thick 
Collector windings : 170 turns 
Emitter windings: 50 turns 
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Fig. 11. Waveforms of experimental circuit of Fig. 8(b). Effect of 
resistive load with R, = 182 
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one at a time, switching the corresponding counter core 
from its ‘0° state to ‘1’ (Fig. 12). The second winding 
of all ten cores are connected in series and joined to the 
output of a ‘reset’ blocking oscillator. When this oscilla- 
tor is triggered, the core in the ‘1’ state is shifted back 
to ‘0’ while the other nine cores in series are only driven 
along the A-B portion of the hysteresis loop (Fig. 12). Some 
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of the output voltage of the ‘reset’ blocking oscillator is 
dropped across these cores and therefore the ‘ reset’ opera- 
tion takes a longer time than the ‘switching’ (Fig. 14(a) 
and (b)). When a counter core is reset, it supplies a load 
of 5-1V and 60mA in its shird winding. The source of 
this energy is the ‘reset’ blocking oscillator which, there- 
fore, delivers a larger current to the counter than the 
‘ switching’ oscillator (Fig. 14(a) and (b)). The two oscilla- 
tors are switching off at the end of the switching of the 
counter core as predicted on Fig. 7. 


Temperature Considerations 


The Curie points of both 77 per cent Ni-Fe alloy and 
WX13 are above 150°C so that it can be assumed that 
the blocking oscillator transformer does not change its 
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Fig. 14. Circuit waveforms of Fig. 13 


(a) Switching 
(b) Reset 








magnetic properties over the temperature range in which 
it is normally used. 

As the emitter control resistor is of carbon composition, 
its value will fall as the temperature rises. This will only 
cause an increase in the value of the final current; other- 
wise the operation of the blocking oscillator will not be 
affected. 

Similarly, the increase of the transistor junction tem- 
perature will only affect the final current, and so the pulse 
amplitude and length is independent of temperature in the 
required temperature range. 


Limitations of the Circuit 


There seems to be no reason why: a saturable blocking 
oscillator could not supply very high load currents indeed, 
provided the transistor itself was capable of handling large 
currents. However, the expression for the final collector 
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current, 
— V2 
he! *° nlre + Re+ ro (1 — ao)] 

where V2 is the amplitude of the collector voltage pulse 

n is the turns ratio of the transformer, 
indicates that to obtain good control of the final current, 
R. must be much greater than [r. + rov’(1 — a)]. This 
sets a limit to the load current available with a particular 
type of transistor, 

Re = 7Q was chosen for the circuit of Fig. 8(b), and 
with this arrangement load currents up to 660mA could be 
supplied. With load currents as great as this, the voltage 
drop across the series output diode can be considerable 
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Fig. 16. Basic circuit of a grounded collector blocking oscillator 


and the triggering may be difficult, but the blocking oscilla- 
tor is fully capable of supplying the current without a 
significant reduction of the pulse width. 

The dissipation of the transistor sets an upper limit to 
the repetition rate and the pulse length. The lower limit of 
the pulse length is determined by the frequency response 
of the transistor and the transformer material available. 
The windings of the transformer should be wound on top 
of each other to ensure maximum coupling. 

The circuit arrangement of Fig. 15 provided pulses of 
1-Susec width and a load current of 150mA was taken with- 
out a significant reduction of the pulse-length. 


Other Applications 

The saturable blocking oscillator can be used as a con- 
stant current driver for magnetic core memories. The 
output is connected to the series combination of a current 
control resistor Rou: and the memory core. If Rout is much 
bigger than the switching impedance of the memory core, 
the current definition is satisfactory. 


Grounded Collector Blocking Oscillator 


Some thought has been given to the application of the 
saturable transformer to grounded collector blocking oscil- 
lators. The basic circuit is shown in Fig. 16. 
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(a) Linear transformer 
(b) Transformer driven into saturation 
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Fig. 18. Experimental circuit 
Core; S.T.C. WP3311, Permalloy C Thickness 0-00lin 


Only a short description of the operation is given here; 
a more complete discussion can be found in Ericsson Re- 
search report No. 40279. During the pulse a constant 
emitter current flows. The transformer is magnetized by 
a field. 
= Ne Fe -_ Noi 

] 
Initially Hy, = 0; therefore, at the beginning of the pulse, 
Nb 
Nele 
i is decreasing during the pulse, at a rate determined by the 
transformer, to a value jrinai Which is fixed by. the transistor, 
If the emitter resistor Re is reduced from a value Re to 
Re, 1, increases, which means that ip increases from ic. to 
io. In the case of a linear transformer the pulse-length 
will increase proportionally, but if a saturable transformer 
is used the variation of pulse-length will be negligible. (See 
Fig. 17). 

The results obtained in a practical circuit (Fig. 18) are 
shown in Fig. 19 The dotted line represents the case of 
a linear transformer. The saturable transformer makes 
the grounded collector blocking oscillator suitable as a con- 
stant current driving stage for rectangular-loop magnetic 
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Fig. 19. Variations of pulse length with collector current in grounded 
collector blocking oscillator 


core devices. Such a circuit can be used repetitively in 
a digital system. The switching core is connected in series 
with the collector. The transformer gives good control of 
the pulse length while the emitter resistor can be chosen 
to suit the current requirement of the core. 


Conclusions 


The use of saturable transformers enables the grounded 
base blocking oscillator to supply high load currents and 
the pulse amplitude and pulse-length is substantially inde- 
pendent of load and variation of transistor parameters. 
The emitter resistor R. controls the load current available. 


The circuit is particularly suitable for driving magnetic 
core counters. The blocking oscillator automatically sup- 
plies the required amount of current to the counter and 
switches itself off immediately after the counter core has 
finished switching. If transistors and transformer material 
of good frequency response are used, the advantages of 
the saturable transformer can be utilized in case of short 
pulses. The upper limit of the pulse length and repetition 
rate are determined by the transistor dissipation. 

In grounded collector blocking oscillators the saturable 
transformer makes the pulse length independent of the 
transistor current over a wide current range which makes 
this circuit suitable as a constant current driving stage for 
rectangular loop magnetic cores. 
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Television Engineering 
A Report on the British Institution of Radio Engineers Convention 


A convention was held at Cambridge by the British 
Institution of Radio Engineers from 1 to 5 July and had 
.as its title ‘Television Engineering in Science, Industry 
and Broadcasting’. Well over 300 delegates attended 
including representatives from thirteen countries, and some 
fifty papers were presented and discussed. 

Included in the Convention programme was the Clerk 
-Maxwell Memorial Lecture which was delivered this year 
by Dr. Vladimir K. Zworykin. In his lecture Dr. Zworykin 
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dealt with applications of electronic engineering in spheres 
outside those normal to the electronic engineer. As 
examples he dealt with three subjects: medicine, public 
safety and public affairs. In the section of his iecture 
devoted to medicine Dr. Zworykin dealt with a number 
of applications, one of the most interesting of which was 
the evolution of ‘radio pills’. These consist of an f.m. 
transmitter and a transducer of one sort or another: the 
whole being encapsulated and small enough to be 
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swallowed. The transducer can be arranged to provide 
information on any One parameter, e.g. temperature or 
pressure, and this can be monitored as the ‘pill’ goes 
on its way through the tratts of the digestive system. 
Under the heading of public safety Dr. Zworykin dealt 
with the problem of accidents on long motorways and 
described a system for providing guidance to an auto- 
mobile and also for providing information’on the distance 
between itself and a vehicle ahead of it, irrespective of 
whether or not the vehicle ahead was’ fitted with the 
control system. The basis of the system was a buried cable 
carrying r.f. current and divided into sections to provide 
the fore and aft information. By means’of ‘lantern slides 
Dr. Zworykin showed that a considerable amount of work 
has already,been carried out on this project; the perimeter 
track of a disused airfield has been equipped with the cable 
system ahd a * special steering-wheel-less car has been built 
and fitted with the receiving equipment. For his example 
of the ‘intrusion’ of electronic engineering into public 
affairs, Dr. Zworykin described a system whereby truly 
democratic decisions could be made by a community in 
a very short time. The system envisaged requires a central 
computer and a modification of the telephone system. The 
questions to be answered by the population are pro- 
pounded by radiv, television or some other means and a 
time limit is set for answering. Each telephone would be 
equipped with push-buttons by means of which the answer 
would be given and, probably, the code number of the 
voter sent in. This information would be routed to the 
computer input by short duration pulses or such other 
means as would not interfere with the normal operation 
of the telephone system. The computer itself would be 
programmed to gather in the data, process it and provide 
the decision of the voters. With a medium sized town this 
could be carried out in a period of one hour or so. 
Although the two latter examples tend to suggest elec- 
tronics run riot it is well to remember that the fantasies 
of today are often the realities of tomorrow and certainly 
any suggestion put forward by so eminent a personage 
cannot be dismissed lightly. Dr. Zworykin closed his 
address with the stimulating suggestion that with fore- 
thought, imagination and initiative the electronic engineer 
could well become the architect of the progress of 
humanity. 

Of the papers presented those which caused most 
interest were probably the four presented by the Russian 
delegation. In one of these, dealing with television receiver 
production in the U.S.S.R., it was stated that in January 
1959 three million sets were in use but that by 1965 it 
was hoped that production would be at the rate of three 
and a half million sets per annum and that by that time 
some eighty million sets would be in use. These receivers 
are produced in three classes; 2lin luxury receivers and 
17in and 14in types. It was stated that many of these sets 
have f.m. units incorporated and that transistors are being 
introduced. An all-transistor television receiver was pro- 
duced by the U.S.S.R. in 1957 and it was stated that this 
type of receiver would be in production by 1961-2. On the 
transmitting side, stations with powers between SkW ‘and 
200kW have been, or are being built (it was not clear 
whether these are actual transmitter powers or effective 
radiated powers) and horizontal polarization is used 
throughout. Translators (to receive and retransmit in 
fringe or difficult reception areas) have also been designed 
and these have receiver sensitivities of the order of 8uV/m 
and output powers between 20 and 100W; some of these 
are designed for unattended operation, on-off control 
being obtained via a monitor receiver which is left per- 
manenrtly on. Experimental work on colour television: is 
also proceeding and one of the Russian delegation claimed 
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that colour cathode-ray tubes have been produced with 
a performance comparable if not superior to their 
America counterparts. However, as far as one could gather 
the tubes in question are a copy of the shadow mask tube 
as produced by the Radio Corporation of America. A 
number of applications of both colour and monochrome 
television to science and industry’ were also described; 
these included applications in railway marshalling yards and 
the remote control of pouring steel into casting formes. 
Applications to astronomy were also described and it was 
claimed that gains of 10 to 20 times over photographic 
plates have been achieved: it was also stated that a three- 
dimensional astronomic telescope had been constructed 
consisting of two telescopes placed some distance apart— 
the distance was not stated! The overall impression from 
the Russian contributions was that a great deal of know- 
ledge has been acquired, a considerable amount of develop- 
ment has been carried out and an ambitious programme 
has been set out for the future. But it seemed rather 
doubtful whether any novel contribution to knowledge 
has been made or indeed whether any of the well-known 
techniques have been improved upon. 

The other papers presented covered almost every aspect 
of television engineering and it is possible to comment on 
only one or two. 

In one A. Ciuciura of the Mullard Radio Valve Co. 
dealt with the problem of X-radiation from television 
receivers. In this he showed that, while almost all of the 
receivers currently offered for sale come well within the 
safety requirements, it is a matter which should receive 
some attention from the set designer. If e.h.t. voltages in 
excess of 16 to 17kV became common practice the problem 
could become acute and steps, such as screening, -would 
have to be taken. The danger to the service engineer would 
appear to be greater than that to the viewer since the 
former frequently operates receivers out of the cabinet 
and consequently without the considerable screening which 
the implosion. guard provides. 

Colour television occupied a fairly prominent place in 
the Convention and it was apparent that there is a con- 
siderable amount of interest in single gun colour television 
display devices, particularly the ‘Lawrence’ and ‘ Apple’ 
tubes. In a paper describing a gating circuit for single gun 
colour tubes by K. G. Freeman of the Mullard Research 
Laboratories it was concluded that ‘in the absence of a 
revolutionary new technique the provision of cheap and 
simple gating circuits for domestic single gun colour tube 
receivers is only. possible at the cost of severe degradation 
of picture quality ’. It also seemed to be generally accepted 
that the present form of NTSC signal may not be the most 
suitable for use with this type of tube and it would, there- 
fore, appear desirable to decide on the most likely form 
of presentation before deciding upon a colour standard. 

Other subjects which provoked discussion were the 
desirability of departing from * mains lock’, and the main- 
tenance or otherwise of the d.c. component. 

On the former it seemed generally agreed that it would 
be desirable to depart from ‘mains lock’ and that the 
BBC would like to do so. In any case, this would prob- 
ably be necessary if a change was made in the line 
standard or if colour television was introduced. 

The arguments for and against the full restoration of the 
d.c. component produced a lively if somewhat inconclu- 
sive debate. It is, however, a problem which cannot be 
settled on purely theoretical grounds since its economic 
advantages is one of the main virtues of the mean. level 
a.g.c. circuit. 

The papers presented at the Convention waitin with 
the discussions will be published in the Journal of the 
British Institution of Radio Engineers in due course. 
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Developments in Automatic Machine 
Tool Control 


A transistorized hydraulic continuous machine tool 
control system and a numerical positional machine tool 
controi system have recently been developed by Ferranti 
Ltd, Edinburgh, and it is claimed that their simplicity of 
design, reliability and ease of maintenance will contribute 
to higher productivity and that their capital cost will place 
them within reach of the smaller eng:neering concerns. 


The Transistor Hydraulic Continuous-Path Machine Tool 
Control System 


This system operates from the normal electricity supply 
which eliminates the use of the frequency convertor 
employed in the earlier Mark III Ferranti equipments. It is 
now fully transistorized and it incorporates hydraulic 
servomechanisms and a simplified electro-optical measur- 
ing system. Maximum machining time of the new system, 
compared with the old, has been increased from 40 minutes 
to 160 minutes. 

The electrical servomotors on the original Ferranti 
system are now replaced by hydraulic piston motors, con- 
trolled by electro-hydraulic valves, resulting in an increase 
in the overall structure stiffness of the machine transmis- 
sion, and peak output of the servo motors has been 
increased from 0-7 b.h.p. to 3 b.h.p. Simplified transistor 
circuits for each axis of the machine tool are contained in 
the control console in three easily replaceable or inter- 
changeable trays, thereby simplifying maintenance in the 
field. Modifications have also been made to the electro- 
optical measuring system which has resulted in a cheaper 
yet equally accurate system. 

The earlier Mark III control equipment utilized 4in mag- 
netic tape running at a speed of 15in/sec, together with 
diode switching techniques, using sub-miniature thermionic 
valves as pulse amplifiers and requiring three-phase 400c/s 
electric servomotors controlled by magnetic amplifiers and 
supplied by a high-frequency motor-alternator set. 

The limitation which necessitated the speed of 15in/sec 
was one of pulse packing density, which cannot be increased 
substantially beyond 150 pulses/inch if the tape is to be 
used under workshop conditions. To achieve an economy 
in tape speed, it was decided to change the system of record- 
ing so that the required resolution could be obtained at 
lower speeds by. the use of a phase displacement carrier 
system, in which the control information is recorded as dis- 
crete displacements in phase between a series of control 
pulses and a pulse train recorded as a reference channel. The 
frequency of recording is 208p/s and, after reading, the 
waveforms are reshaped to give square-waves with a 
frequency of 104c/s. 

If no movement is demanded and the system is at datum, 
the signals on all four tracks of the tape are identical and 
in phase; should movement be demanded on any channel, 
the signals on this channel undergo a progressive positive or 
negative displacement in phase depending on the direction 
and speed of motion. These signals can be recorded and 
resolved satisfactorily at a tape speed of 3-75in/sec so that 
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The Hayes/Ferranti Tapemaster 


considerable economy in tape can be made and a 3 600ft 
tape now has a playing time of 190 minutes. 


MEASURING SYSTEM 

This type of recorded information demands feedback 
information in similar form if control simplicity is to be 
preserved, and this required the development of a new 
method of using the diffraction grating measuring system. 
It will be recailed that this system is based on the fact that 
a pair of crossed diffraction gratings, moving relatively to 
one another, can be made to generate a multi-phase elec- 
trical system in which the total number of cycles is a 
measure of the distance moved, the frequency a measure 
of the velocity and the direction of phase rotation a measure 
of the direction of the movement, the carrier frequency 
being zero. If now the carrier frequency is made not zero 
but 104c/s, by arranging that the grating which was pre- 
viously fixed scans steadily across the field at a speed of 
104 lines/second, the system behaves much as before, 
except that the change in frequency when external move- 
ment occurs is above or below the carrier instead of on 
either side of zero. This frequency may be compared with 
a teference generated by the addition of a further section 
of fixed grating also scanned by the continuously moving 
grating, the light variations from this system being read by 
a separate photocell. Thus, if the external displacement is 
zero and at datum, both photocells give outputs of the same 
frequency and phase; when external movement occurs, the 
signa! output acquires a progressive phase displacement with 
respect to the reference, these signals being of the same 
nature as those derived from the command signals recorded 
on the tape, The servomechanism has to lock these two sets 
of signals together to ensure that the table displacement 
obeys the tape commands. 

Scanning is accomplished by a rotating disk which has a 
multi-start spiral recorded on it as a back pattern on clear 
glass. This disk 1s driven from the reference signal on the 
tape by a synchronous motor, the combiration of motor 
poles and spiral starts forming an electro-optical gear to 
give the correct scanning frequency in lines per second. To 
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eliminate any possible error due to departures from perfec- 
tion of the scanning system and its drive, the reference 
signal from the scanning unit is utilized in a manner which 
compensates for such errors. The opportunity has been 
taken of using reflection gratings engraved on stainless steel 
strip which has a coefficient of thermal expansion very close 
to that of the materials used for machine tool construction. 
This gives a more compact system which is easily fitted to 
machines and which eliminates the elaborate mounting pro- 
cedures necessitated by temperature changes when glass 
gratings are used on very long machines. 

The advantages of this system of measurement are that 
there are substantially. no manufacturing limitations on the 
grating pitch, so that a flexible choice can be made between 
accuracy of phase comparison and fundamental grating 
pitch. It is comparatively. easy to phase-synchronize two 
square-wave signals to an accuracy of 1 or 2 per cent. if, 
therefore, a measurement accuracy of 1 or 2 ten thousandths 
of an inch is required, a suitable grating pitch would be 100 
lines /inch. 

The square-wave signals from the control tape and the 
grating measuring system are phase-synchronized in a 
specially designed phase comparator, which has an accuracy 
of one part in 500 and gives an output error signal to the 
servo amplifier and thence to the electro-hydraulic servo- 
valve. 


SERVOMECHANISMS 

Hydraulic servomechanisms have been used on account 
of their superior performance and_ reliability. A 
standard 3 b.h.p. peak motor and gearbox unit has been 
designed, which is adaptable to fit many types of machine 
tool. This unit has a very low compiiance and zero backlash 
and can extract all the performance of which the machine 
tool structure is capable in terms of acceleration and 
accuracy of position. 


CONTROL CONSOLE 

The use of transistors and semiconductors as circuit 
elements in the control equipment has enabled the size of 
the control unit to be greatly reduced and a complete 
control channel is now contained in a single drawer 7in by 
Tin by 18in. On the front of each control channel drawer 
is a red light which is operated should a fault occur in that 
channel and simultaneously zero speed is demanded from 
the servo and the machine is shut down. “Reset” and “Test” 
buttons are provided but if the fault persists the drawer 
is interchanged with a spare contained in the console, and 
the work resumed. The defective drawer is returned to 
Ferranti for servicing. In addition to the three control 
drawers, a reference drawer is provided containing the 
equipment to synchronize the scanning motors from the 
reference track on the magnetic tape. This includes pro- 
vision to switch over automatically to the internally 
generated reference signal when the tape is stopped, and 
allows full manual control to be obtained over the servo- 
mechanism and measuring loop, enabling the slides to be 
moved under the control of push-puttons or vernier control 
knobs as required. 

The power supply for the whole equipment consists of 
two 12V lead-acid accumulators, fitted with Catylators 
which reduce to negligible proportions the loss of water 
in the form of gases, as the hydrogen and oxygen emitted 
are combined and returned as water. 


AUTOMATIC CHECKING 

A fourth checking track on the Mark III control equip- 
ment was provided on the magnetic tape and used to check 
for tape drop-outs and the whole operation of the control 
equipment. The methods used in the new equipment are 
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such that this is no longer required. The system is 
inherently insensitive to tape drop-outs because of the con- 
tinuous cyclic nature of the recorded signals. Also, in the 
event of a deviation from the true position occurring, the 
absolute position is not lost until the error has exceeded 
half a grating pitch. 


The Numerical Position Control Equipment 

This is an entirely new equipment designed for rapid 
point-to-point positioning of machine tools and allied 
equipment in Cartesian or polar co-ordinates. Measure- 
ment of position is by means of the diffraction grating 
measuring system fitted to the machine tool slides or tables. 
The electronic control equipment is designed around semi- 
conductors, and is completely error-checked and fail-safe. 


CONTROL CONSOLE 

The tape reader, manual co-ordinate-setting dials, 
numerical readout indicators if provided, all electronic 
equipment and power supplies are assembled in a floor- 
standing console. The size of this unit is 29in by 24in by 
47in high. All controls and the tape reader are grouped for 
maximum accessibility at the top of the cabinet. The tape 
reader is provided with tape spooling equipment, the feed 
and take up spools accommodating 200ft of tape, sufficient 
for 600 three-dimensional position movements. Tape or 
dial input can be selected at will. Information space is 
allocated on the tape for controlling machine functions 
other than positioning so that a complete operating cycle 
such as drilling can be controlled. 

The electronic equipment is built in the form of plug-in 
“cards”, accessible behind a drop-down panel at the front 
of the console. Only four types of “card” are used and 
servicing is rendered extremely simple, an indicator lamp 
being actuated by the automatic error-check system to 
indicate the faulty channel. Only semiconductor circuits 
are used in the equipment, which is based on a newly 
developed high-speed transistor decimal counter provided 
with a continuous ternary. checking circuit. This counter 
keeps a continuous record of the position of the machine 
slide from an arbitrary datum, which can be changed at 
any time and set to any point on the table. The input posi- 
tion is selected by tape or dials, a direction discriminator 
decides whether the co-ordinate in the counter is higher or 
lower than the demanded position and selects the direction 
of movement to bring the table position into coincidence 
with the setting. 

The decimal counter is continuously checked by means 
of the ternary. logic, so that in the event of a failure the 
equipment will stop automatically and will not function 
again until the defective circuit card has been replaced 
or repaired; thus there is no possibility of an incorrect 
setting due to failure. In addition a similar check is applied 
to the tape-reading equipment to obviate misreading the 
punched tape. 


MEASURING SYSTEM 

Gratings, either linear or circular, of pitch suitable for 
the accuracy required are fitted to each axis of the machine. 
rendering the accuracy independent of the lead-screws or 
other transmission elements. 


SERVOMECHANISMS 

The servopacks utilize a S0c/s induction motor and two 
control clutches and gearing to give a two-speed drive. Fast 
approach speed up to 200in/min can be provided, depend- 
ing on the resolution required, and a final slow setting 
speed brings the table to rest at the correct setting two or 
three seconds after the changeover is made. At this point 
the slides are automatically clamped. 
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The Theory of Broadband Coupled Circuits 


By. W. Dougharty* 


This article gives the exact transfer admittance formulae for various types of parallel-tuned coupled 

circuits. No approximations are made and there is no limitation as to bandwidth. From these 

formulae are derived expressions for such characteristics as the peak separation, peak-to-valley ratio 

etc., which are sufficiently accurate for bandwidths approaching the value of the centre frequency. 
Formulae for the phase response are also given for various types of coupling. 

It is shown that with a certain degree of inductive coupling a circuit results which not only has 
good phase response but also has a response curve showing a remarkable degree of symmetry 
with frequency deviation. 

The treatment throughout is restricted to those cases in which the circuits are synchronous and 

have equal dissipation factors. 


(Voir page 506 pour le résumé en frangais: Zusammenfassung in deutscher Sprache Seite 510) 


HE theory of coupled circuits has been presented by 

many writers such as Aiken’, Tellegen’, Dishal’ and 
Rideout‘, but all the above, with the exception of Rideout 
make the assumption that the ratio of bandwidth to 
resonant frequency is small. This leads to considerable 
simplification of the theory, but at the same time introduces 
inaccuracy (not always serious) in cases where the band- 
width is bioad. 

Rideout makes no restrictions as to bandwidth but con- 
fines his treatment to the case of zero transmission loss 
(i.e., coupling only slightly removed from critical) and con- 
siders mutual inductance coupling only. In this way he 
also obtains some simplification in the theory but without 
any sacrifice of accuracy. ' 

When the common assumption is made that the ratio of 
bandwidth to resonant frequency is small so that certain 
terms in the theory can be neglected, it will also be found 
that the resulting formulae, being expressed in terms of 
coupling coefficient and circuit dissipation factor, are 
independent of the mode of coupling used. 

The exact theory as developed below shows that this is 
not so. The frequency and phase response of a coupled pair 
will differ according to the type of coupling used. The 
differences involved are admittedly negligible for narrow 
bandwidths but are considerable for cases in which the 
bandwidth is an appreciable fraction (20 per cent or more) 
of the centre frequency. 

In this article the exact expression for the transfer admit- 
tance of a coupled pair is given for parallel-tuned circuits 
and for vatious types of coupling. 

From this ,xact expression the various design formulae 
are obtained. It is in some of these formulae that approxi- 
mations may with justification be made in the interest of 
simplicity. The minor errors thereby introduced do not in 
generil invalidate the formulae for either broad or narrow 
bandwidths. 

The phase response for the various circuits is also con- 
sidered. Here also the formulae are not independent of the 
type of coupling used. 

In order to avoid developing expressions which are so 
involved as to be useless, the work here is based on two 
assumptions : 


(1) That the circuits are tuned to the same frequency. 


(2) That they have equal dissipation factors which are 
constant over the band considered. 


* E.M.1. Electronics Ltd. 
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The Transfer Admittance 

The formula for the transfer admittance is of funda- 
mental interest since from it formulae characteristic of the 
circuit are readily obtained. It is obtained by straight- 
forward manipulation of the network equations. This is 
sometimes rather involved, but the work is considerably 
simplified if the general form of the solution is known in 
advance. 


Types of Coupling 
Five types of coupling are considered; three of series 
coupling: 
(J) Mutual inductance 
(2) Inductive-T or ‘ bottom’ inductance 
(3) Capacitive-T or ‘ bottom’ capacitance 


and two of parallel coupling: 
(1) Inductive-z or ‘top’ inductance 
(2) Capacitive-x or ‘top’ capacitance. 


Definition of Resonant Frequency 

When it is stated that two coupled circuits both resonate 
at a particular frequency it becomes necessary to define the 
conditions under which the resonant frequency is deter- 
mined 

The definitions adopted here are the normal ones, being 
those most suited to practical work; that for series coupling 
the resonant frequency is that which obtains when the 
other circuit is open-circuited, while for parallel coupling 
it is that which obtains when the other circuit is short- 
circuited. 

The above difference in the definitions of resonant fre- 
quency. accounts for the differences between the formulae 
for series 2nd parallel coupling. If the conditions under 
which circuit resonance is defined were the same in all 
cases, there would be two transfer admittance formulae 
only, namely one for inductive and one for capacitive 
coupling. That this must be so is clear from the following 
consideration, that, for every T or x coupling network con- 
sidered, a corresponding z or T network can be derived 
which is cquivalent at all frequencies. Hence the cause of 
the differences in the formulae for series and parallel 
coupling does not lie in the form of the coupling used 
(i.e., whether T or =); it lies in the way in which the circuits 
are tuned. 2 
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Circuit Constants used in the Formulae 
The following constants are used in the formulae to be 
given below. 
Li.C..g: are the inductance, capacitance and conductance 
of the primary circuit 
L»,C:,g: apply to the secondary circuit 


M is the mutual inductance between primary and 
secondary coils 

k is the coefficient of coupling 

d is the circuit dissipation factor assumed the same 
for both primary. and secondary 

é is a constant which appears instead of d= 


dV (1 — k’) in some of the formulae 
v=w/wo is the normalized frequency 
y=auV(l — k?)/ wo w= w/ wo vil - k’) 

It will be noticed that the terms 6, v1 and v2 appear only 
in the formulae for series coupling. This is because, as has 
already been mentioned, it is a practical convenience with 
this form of coupling to tune one circuit when the other is 
open-circuited. 


Formulae for the Transfer Admittance 

The modulus of the transfer admittance in all cases has 
the form: 

iJe| = 2V(gig2) { 1 + [fF }E 

but the expression for f(v) will. be seen to differ according 
to the type of coupling used. If the formulae for inductive 
and capacitive-7 coupling are compared, it will be seen 
that the terms in the expression for f(v) would be the same 
if, in one case, v was defined as w./w (instead of w/wo). A 
similar relation is seen to exist between the formulae for 
inductive and capacitive-7 coupling. 
The formulae for the various types of coupling are listed 
below. 
(1) MuTuUAL INDUCTANCE COUPLING 

The circuit is given in Fig. 1. 
Wo- a 1 / Lic = l I L:C2 d=21 / woCi = 22] woCe2 6 = dvil — k*) 

k=M/V(hL) w= avi k*)/ wo 


V -) ‘ 
OTe a j 83 ~v4(2 +82) + ~2j8(v2 — | 


? 


dk 


V1 
I x, 1— kT) 
lif/e| = 2 Vee) + aap |" vi(2 — 5°) + os | 


lila’ ag a) '—vi'(2+6)+1-K 
"= eiet—1 





(2) INDUCTIVE-T COUPLING 

The circuit is given in Fig. 2 
wo = 1/C(1i+ L3) = 1/CAL2+ L:) 
d=d V(1—k’) 


d = 21/ woC1 == 22/ woC2 


eo L; 
\ TL + L3(L2 + L;)] 
The formulae are exactly as for mutual inductance 
coupling. 
(3) CapacrriveE-T COUPLING 
The circuit is given in Fig. 3. 
o. CatCs) (C2t+Cy 


* = LOC, —— LOC. d= Liwoli = 22woLr 
5 = dv(l — k’) 


k / CiC2 >. 
"ANG GNGt cp) Baoledl— 


., _1V (gigs) ; 
i/e= ran cy 


VvVl=—w Vil es k*)/ ow 


~/1/ vo 24 82) + vo(1 — k°)— 2j8(1 — 1/12") } 
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(4) INDUCTIVE-z COUPLING 
The circuit is given in Fig. 4. 
_i +L; = L2+ Ls 
~CiL; = Coles 


FREE 4 


1. Mutual inductance coupling 





tan @ = 


= 21/ woC1 => 22/ woCz 


Wo = 








Fig. 2. Inductive-T coupling 
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Fig. 3. Capacitive-T coupling 








Fig. 4. Inductive-* coupling 








Fig. 5. Capacitive-* coupling 
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¥—-v2Q+d@)+1-F& 


2dwv? — 1) 
(5) CAPACIIIVE-7 COUPLING 
The circuit is given in Fig. 5. 


i/e = 


tan? = 


= I ene u . & we on 
lines LUC + C3) ia LAC2+Cs) sifie wo(C1 + C3) wo(C2+ C3) 
a Cs vr 
"VAG. i. 
\ 
ilex! 8) £4 y8—(1/vy(2 +) + 1 —R) 24d 1/ v9 } 
: aire I (2—d"j ‘ ‘\! 
ijei = 2V > - fy*® — + , - , 
i/e (gig2) \1 + 40 1/1 n v(i ) | 
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The Characteristic Formulae 
The characteristics of a coupled circuit which it is useful 
to know may be listed as follows: 


(1) The frequencies of the peaks. 

(2) Their geometric mean frequency. 

(3) The peak separation. 

(4) The condition for coincident peaks (flat response). 

(5) The frequency of the valley. 

(6) The separation of points of equal height to the 
valley. 

(7) The peak-to-valley ratio. 


(8) The overall bandwidth at various points on the 
curve. 


The expressions for the above quantities are listed. in 
Table 1 for all the circuits mentioned above. 

It is also useful to have available formulae for the special 
case of critically coupled circuits. These are readily obtained 
from the above by applying the condition for coincident 
peaks. The resulting expressions are given in Table 2 for 
the following characteristics: 


(1) The centre frequency. 


(2) The overall bandwidth at various points on the 
curve. 


In the undercoupled condition the peaks disappear and 
what was previously the valley becomes the frequency of 
maximum response. The fall-off in response each side of 
resonance is now to be measured relative to the new maxi- 
mum and not to the previous peaks since these are non- 
existent. 

This complicates somewhat the formulae for bandwidth 
and it seems that no simpler expressions exist other than 
those given. The formulae suited to the undercoupled con- 
dition are given in Table 3. 

A few words may be in order as to the derivation of these 
formulae. 


The formulae for the transfer admittance is of the form 


li/e| = 2V(e.g) {1 + LP}! 
where gi and g are the conductances of the two circuits and 
v is the normalized frequency. 

This expression will have minimum and maximum values 
at the frequencies of the peaks and the valley respectively. 
Accordingly by differentiating the expression for |i/e| with 
respect to v and equating to zero 


2V (eg) {1 + FOF} “LOI FO) = 0 
Dividing through by the terms which are not zero 
flv) . f@) =0 


By inspection the equation f(v) = 0 contains the fre- 
quencies of the peaks (minimum transfer admittance) and 
f(v) = 0 must, therefore, contain the frequency of the 
valley. 

From the formula for the peak frequencies the expres- 
sions for the peak characteristics (formulae (1) to (4)) can 
be obtained exactly. In practice considerable simplification 
can be had, at the price of errors of a few per cent only, 
by neglecting terms which involve the fourth or higher 
powers of d and k where this is mathematically justified. 
This follows Rideout‘ whose ‘flat-topped’ transformer 
(k = 0-5) has actually a slight dip in the centre of 0-005dB 
due to his use of simplified formulae. 


The valley frequency derived from the equation f(v) = 0 
cannot be exactly expressed. As a result, formulae (5) to (7) 
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are close approximations with errors of not more than 
a few per cent for values of d and k less than about 0-5. 

The equation from which (8) is derived is insoluble unless 
approximations are made. Here again Rideout’s approxi- 
mate expression for the bandwidth of his transformer at 
1dB down is seen to be a particular case of the general 
formula given here. 

All the above approximations, although theoretically 
objectionable, seem in practice to be entirely. justified. They 
do not, as do the usual ‘narrow band’ formulae, obscure 
important characteristics-of broad band coupled circuits 
and the errors introduced are almost always less than those 
due to inexact knowledge in practice of the basic circuit 
constants of capacitance and conductance. 

While none of the formulae given is exceptionally com- 
plicated, those for the critically. coupled condition are 
delightfully simple. especially in cases where k is small 
enough to make (1 — k’)' substantially unity. 


L w74* 
r 


I 


Fig. 6. Equivalent parallel circuit for series combination 


of r and L when oE is small 








Fig. 7. Mutual inductance coupling with series coil loss 

Calculations for the overcoupled condition are scarcely 
less simple. For the undercoupled condition the formulae 
are not so straightforward, but unfortunately this condition, 
with the exception of the phase-linear circuit treated later 
on, is not usually of much interest. 


The Effect of Series Loss in the Coils 

It is not necessary to treat the effect of series coil loss 
very exactly for two reasons, firstly because in a parallel 
tuned circuit the value of series loss is designed to be small, 
and secondly its value is not normally very accurately 
known. It will be sufficient for most purposes to observe 
qualitatively the effect of series loss in the various cases of 
coupling already considered. 

If an inductor having small series resistance is represented 
in its equivalent parallel form, one obtains substantially the 
same value of inductance shunted by a resistance whose 
value varies as the frequency squared (Fig. 6). If this sub- 
stitution is made for all types of coupling except mutual- 
inductance and inductive-7, it will be seen that with increase 
of frequency the total parallel damping is reduced and so 
the response curve will tend to rise with frequency. 

In the case of mutual-inductance or inductive-T coupling 
(which are, of course, exactly equivalent to one another) 
it can be seen from an inspection of Fig. 7 that the presence 
of series loss will cause the output to fall with frequency. 

The above conclusions can readily be corroborated by. an 
exact analysis of the network. 

Since, in an r.f. amplifier, the output often falls at the 
high frequency end due to increased input admittance of the 
valves, it is usually unwise to use mutual-inductance or 
inductive-T coupling between stages since the above effect 
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will be accentuated by their use; it is better to use one of 
the other forms of coupling so that the effect of series loss 
and valve input admittance will oppose one another. It is 
also always possible to introduce extra resistance if neces- 
sary in series with the coils to neutralize the effect of a 
large value of valve admittance. 


The Phase Response 

The phase response of a coupled circuit is conveniently 
expressed as a power function of frequency deviation, the 
deviation being measured from the resonant frequency of 
the circuits or from some closely adjacent frequency. 

The series takes the following form: 

@ = +(x/2) + Cilp/k) + Colp/k? +. Cx(p/k)* + 
Ci(p/k)t + Cp/kP + .... 

where @ is the angle by. which the ouput voltage lags the 
input current and p is the deviation Af divided by a fre- 
quency of phase symmetry f, which is approximately that of 
circuit resonance. 

The positive and negative signs in front of z/2 apply to 
cases of inductive and capacitive coupling respectively. 

The values of the coefficients Ci, C2 etc., for the various 
types of coupling are given below. 


(1) MUTUAL INDUCTANCE COUPLING 


4n 2kn(1 — 3n*) —2n 
Ci egal > se = a. ——* a Se ee 
l+rnw (l+n’P (l+n°y 
[(8n?/3) (1 — 3n”) —k? (1 —6n? + n'y} 
2ka 2 4 2_ 2 
Ch = Gane ll! —10n + 5n'‘) (4n —k?)] 


C; = —" —[(64n*/ 5) (1 — 10n? + Sn') — k2n°(3 — 51n? + 
(1 +n’) 
65n‘ —9n') + kA(1 — 15n? + 15n'— nj 
where 
n=k/5, p=Af/f, and f,=f./Vi —k)=f,./1—k¥ 
The deviation Af is measured from the frequency f,. 
(2) INDUCTIVE-T COUPLING 
The coefficients are exactly as for mutual-inductance 
coupling. 
(3) CAPACITIVE-T COUPLING 
4n —2k(1 + 5n’) —2n 
GQ=—~ G= ——=— a= 
a ee sa (l+n°? (Len? 
[(8n*/3) (1 — 3n?)— K°(1 +. 2n? + 9n')] 
9 
C= _<" _t4gn(1 + 6n?—11n*)— (1 +. 4n? + n' + 14n] 


(1 +n?) 
Cs = ——"-[(32n*/5) (1 — 10n? + Sn") — 2K2n? (3 + 130? + 
(1+n°) 
65n' — 73n*) + KA(1 + 5n? + 11n — Sn®+20n')] 
where 


n=k/5, p= Af/f, and f, = fo Vi—-F) = f.(1—k) 
The deviation Af is measured from the frequency. f,. 


(4) INDUCTIVE-7 COUPLING 

The coefficients are exactly as for case (1), except that n 
has the value k/d and the frequency of phase symmetry 
fo = fo = fa(1 — kK}. 
(5) CaPACITIVE-7 COUPLING 

The coefficients are exactly as for case (3), except that n 
has the value k/d and the frequency of phase symmetry 
fe = fo = fa(1 - k*)'. 

The power series for @ will not be of much value unless 
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it can be shown to be convergent. Unfortunately it is not 
at all easy to state the general conditions under which it 
will be so. By inspection, however, it is almost certainly 
convergent for values of n and (p/k) less than unity. 

Bearing the above in mind, it will be seen that with induc- 
tive coupling the phase response becomes more nearly 
linear as the coupling is reduced below critical (n < 1), 
until the maximally linear condition is reached when 
n= 1/V3. This fact is already known’. It may not be 
generally known, however, that with capacitive coupling, 
since the coefficient C. can never vanish, the phase response 
can never be as good as and in general will always be 
inferior to that given by inductive coupling. 





















































cand ° —- 

>. 2 / | 
ww / 
= ie / | 
& > 6 ‘ | 
ss. 8 Ba —+— Inductive coupling k=O-5 — 
wa 10 / +--- Capacitive coupling k=0-5 | 

2 12 4 i + i | 4 4 

? RE TR BS Co 

30 40 SO 60 70 80 90 100 110 120 
FREQUENCY (Mc/s) 
(a) 

oy 

. 5 ae : ‘Inductive coupling #=O-S 

a 6 a \ 

= 4 L ; ---- Capacitive coupling k=0'5 
w> / ) j | | 
>z 2 } ae erred 
reo = PS | TSI | s 
ni) -2 7 ‘s ine 
Wo / | i 
- 7 rf | sine, | 

a-6 ! a 

oO 



































| 
30 40 50 60 70 80 90 100 I10 120 
FREQUENCY (Mc/s) 


(b) 


Fig. 8. Curves of frequency response and group delay for inductive and 
capacitive coupling 


Group Delay 

While the expression for phase-angle is informative in 
that it clearly shows the condition for maximally linear 
phase, a more generally useful concept is that of group 
delay (do/dw). The expression for the group delay of a 
coupled circuit is readily shown to be 


1 + (d/2k) fv + U “| 
(2/wod) |. ———o 
1 +([f(v)F 
for inductive-z coupling. 
where 


1-# 
f(v)=(1 /2dk) [» ae ieee ] 
v 


—. I + (d/2k) f(v\v + (1/v)) 
——/. 7 


and 


for capacitive-7 coupling, 
where 


2 — #&) 
f(v)=(1/2dk)] 1/v* — - +vii-—& 
v 


For T coupling the expressions are similar except that v,d 
is replaced by 1,8 or v2,6 as in the expressions for the 
transfer admittance. 

The difference in the delay contributed by inductive and 
capacitive coupling becomes very marked when the co- 
efficient of coupling becomes at all large. Consider for 
instance Fig. 8 in which is shown the amplitude response 
and group delay for two pairs of critically coupled circuits 
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TABLE 4 


Characteristics of the Phase-Linear Circuit 











| MUTUAL INDUCTANCE 
CHARACTERISTIC AND INDUCTIVE — 7 
INDUCTIVE — T 
(1) The peak frequency fo fov (1 —k?) 
| 
(2) Bandwidth at various points— | 
2(/(4n?—3)—1)]2 | 
(a) 1/n of response at peak h~i.> for | ee | fok(2(/ (4n?—3)—1)}? 
(b) 1dB below response at peak a= as : | 0-91 fok 
(c) 3dB below response at peak n = 1-57 fok | 1-57 fok 
V(1—k*) 
(3) Ratio of response at peak to that given we critical enn -866 
with same circuit damping sd ; 
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Cb) 
Fig. 9. Curves of ores, response and group delay for the phase-linear 


and single-tuned circuits 


centred on 70Mc/s with k = 0:5 one inductively and the 
other capacitively coupled. 

It will be seen that capacitive coupling owing to its poor 
phase response is normally quite unsuitable for broad-band 
coupling circuits. Since it has already been pointed out that 
mutual-inductance and inductive-T coupling are inferior to 
inductive-z coupling as regards series loss in the coils, it 
appears that the most generally satisfactory form of coup- 
ling for use in broad-band amplifiers will be inductive-z. 


The Phase-Linear Circuit 

If the case is considered of an inductively coupled pair 
with maximally lineat phase response (n = 1/ V3), one 
arrives at a circuit of considerable interest. 

This circuit, which for want of a better name may be 
called the phase-linear circuit, presents the condition for 
maximally linear phase response, but also exhibits a remark- 
able degree of symmetry in the shape of the response curve 
when plotted to a base of frequency. This makes the circuit 
potentially useful for such applications as wide-band dis- 
criminators, and filters where arithmetic symmetry of phase 
and amplitude with frequency. are desired. 

The derivation of the transfer admittance formula for 
this circuit is given in the Appendix and a few characteristic 
formulae are listed in Table 4. The curve of amplitude 
response and group delay are shown in Fig. 9 together with 
those of a normal tuned circuit for comparison. 
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Coupled Circuits in Practice 

The problem of realizing a given design practically is not 
a difficult one. It resolves itself into making a sufficiently 
accurate measurement of the primary and secondary capa- 
citances and a fair estimate of the circuit losses. It is also 
necessary to ensure firstly, that any stray coupling is either 
negligible or else is allowed for, and secondly, that the 
coupling coil in inductive coupling is so far removed from 
self-resonance that its effective inductance can be considered 
constant over the band. 

APPENDIX 
THE TRANSFER ADMITTANCE FORMULA FOR THE PHASE- 
LINEAR CIRCUIT 

Consider the transfer admittance formula for mutual- 

inductance coupling. 


li/e| = Vee) | + wel" m1 (2—87) + a 
Put 5? = 3k? (n = 1/ V3) 
and 
vi [=(o/ wo) V1 — k*)] = U1 + p) VO — RB) 
where p = Aw/ws = Af! fo. 
Then 


9 


k? 
Toe Ml + PPC — KY - 


4 
(1 + p)(2 — 3k) + (1+ pr} 


2 


1- 
ji/e| = 2v eee) + 


3 [1 + (2p*/k*) (1 —(3k?/4)) — 


, 
p’/2 + p/24°7) 

Now p? (= Af?/f.”) will always be small around the fre- 

quency of maximum response, and if k? is small also the 
above expression will differ very little from 

li/e| = 2V(qigd{1 + $[1 + 2Up/kYPy? 
=(4/ V3) Vigig:) {1 + (p/P + (p/k)}! 
This is an even function of (p/k) and to the extent that 
the above approximations hold will give a response curve 


which is absolutely symmetrical on both sides of the centre 
frequency. 


= 2V(gig2) 1 
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A British European Airways helicopter 
has recently been used to make 22 air- 
lifts of electronic equipment to the 
2754ft summit of Broad Law, on the 
Selkirkshire-Peebles border, in the hills 
above Tweedsmuir where a party of 
technicians from the Telecommunications 
Engineering [Establishment of the 
Ministry of Transport and Civil Aviation 
has just completed site trials for the new 
Talla radio beacon. A v.o.r. beacon is 
to be installed as part of the re-organiza- 
tion of the Scottish Control Area of the 
National Airways System, recently an- 
nounced, to mark a possible future 
extension of the Airways from Dean 
Cross (Cumberland) to Edinburgh (Turn- 
house) Airport. It will operate in addition 
to the existing Non-Directional Beacon, 
at present situated near the junction of 
the Moffat-Talla roads at Tweedsmuir 
village but which will later be transferred 
to the mountain-tep site. A road convoy 
of three lorries, laden with Wilcox v.o.r. 
equipment in packaged form and the 
prefabricated building to house it, left 
the Telecommunications Engineering 
Establishment at Yeading, Middlesex on 
20 July and took three days to make 
the journey to Talla. A Bell helicopter 
(which was the one used by the BEA in 
their recent 51 minute dash in the 
London to Paris Air Race) of the BEA 
Experimental Helicopter Unit was char- 
tered by the Ministry to carry the equip- 
ment 2000ft up to the summit of the 
mountain which has no access by road. 
Some of the smaller items of equipment 
were carried inside the aircraft, but many 
of the crates were slung below the fuse- 
lage in a nylon net. The first lifts took 
to the summit the party of six M.T.C.A. 
telecommunications technicians from 
Yeading, who camped on Broad Law 
under canvas for a fortnight, erecting 
and testing the equipment on site. The 
operation had barely got under way 
when the radio station at the base camp 
was struck by lightning and put out of 
action for some time. Conditions were 
far from comfortable for the men camp- 
ing on the summit and equipment fre- 
quently gave trouble due to excessive 
moisture. However, the ten days of tests 
were completed successfully, and flight 
testing proved the site very satisfactory 
indeed both for range and accuracy of 
radials. On 18 August, work started on 
the dismantling of equipment, and the 
helicopter carried out the airlift in 
reverse, bringing men and equipment 
down to the base camp. After analysis 
of the results, if it is finally decided to 
locate the v.o.r. on Broad Law, a road 
will probably be built to the summit 
from the Talla Reservoir road. The Talla 
v.0.r. on Broad Law will then be Scot- 
land’s highest radio station. 
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Short News Items 


A stereophonic sound - reproducing 
system which, it is claimed, is not only 
the world’s largest but the first open air 
system in Europe, has recently been 
installed by Telefunken at the Federal 
Horticultural Show in Dortmund, West 
Germany. In view of the complete lack 
of experience in open-air stereophony, 
Telefunken made trial sound reproduc- 
tion tests on a building site in Hannover. 
Based on the results obtained from these 
series of trials, the first system was then 
installed on the ground of the Federal 
Horticultural Show. A power of 300W 
was provided for each  stereophonic 
channel and the output is fed into sound 
columns each containing 48 loudspeakers. 
These sound columns are spaced about 
100 yards apart and permit stereophonic 
sound reproduction over an area with 
space for about 6000 listeners. The in- 
stallation permits not only the reproduc- 
tion of stereophonic records but also the 
reproduction of live orchestral music. 


The National Bureau of Standards is 
now publishing its Journal of Research 
in four separate sections, namely (a) 
Physics and Chemistry, (b) Mathematics 
and Mathematical Physics, (c) Engineer- 
ing and Instrumentation, and (d) Radio 
Propagation. Each of these sections may 
now be subscribed for individually. 


Standard Telephones and Cables Ltd 
are to supply a quantity of airborne 
i.L.s./v.o.r. equipment for installation in 
Aeroflot TU104 jet aircraft, flying the 
Moscow-London route. It is similar to 
S.T.C. equipment already in service with 
B.O.A.C. Britannias and B.E.A. Viscount 
aircraft. The airborne equipment 
operates in conjunction with ground 
facilities installed on air routes and 
major airfields all over the world. 


A Sectional Meeting of the World 
Power Conference is to be held in 
Madrid from 5-9 June, 1960. The theme 
of this conference will be Methods of 
Solving Power Shortage Problems and 
arrangements have been made for the 
presentation of seventeen or eighteen 
papers by the British National Commit- 
tee. The general programme, containing 
membership and other application forms 
together with particulars of six alterna- 
tive Post-Conference Tours, is announced 
for publication by the Spanish National 
Committee towards the end of November 
1959. Copies will be distributed as soon 
as they have reached the British National 
Committee. In the meantime preliminary 
notifications of intention to participate 
should be sent to: The Secretary, British 
National Committee, World Power Con- 
ference, 201-2 Grand Buildings, Trafalgar 
Square, London, W.C.2. 
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The Development and Workshop Pro- 
duction sections of the Engineer-in- 
Chief’s Department of Cable and Wire- 
less Ltd has recently moved to new 
premises in Kirby Street, London, E.C.1. 
The new building has been named Smale 
House after J. A. Smale, Engineer-in- 
Chief of Cable and Wireless Ltd from 
1948 to 1957 and who has been closely 
associated with much of the research and 
development work of the company. At 
Smale House, facilities will be provided 
to connect it to any of the overseas 
stations of the company’s system so that 
new apparatus developed at Smale House 
may be tested over long distances and 
under service conditions. 


Two British scientists have been named 
among the 1959 winners of the John 
Scott awards for developing inventions 
for the benefit of mankind. Dr. Henry - 
Boot, of the Services Electronic Research 
Laboratory at Baldock, Hertfordshire, 
and Professor John Randall, Wheatstone 
Professor of Physics at the University of 
London, were cited jointly for their in- 
vention of the cavity magnetron. These 
awards amount to $1000 (about £357) 
each. The magnetron was the basis for 
the development of narrow beam radar 
which aided precise location of aircraft 
targets during World War II. These 
awards have been presented for the past 
143 years and were first established by 
John Scott, a Scottish scientist who died 
in 1816. 


Mullard Limited announce that a 
course of ten special lectures dealing with 
modern developments in Solid State 
Physics will be held at the Enfield Tech- 
nical College, Queensway, Enfield. The 
lectures, which will be delivered by 
members of Mullard Research Labora- 
tories, will be given at 7 p.m. on succes- 
sive Monday evenings, commencing on 
5 October 1959. The course is suitable 
for physics graduates or others with com- 
parable background knowledge, and the 
fee is £1. Application forms may be 
obtained from the Head of the Depart- 
ment of Pure and Applied Science at the 
Enfield Technical College. 


The Middlesex Education Committee 
announce that the next entry to the full- 
time course in Electrical Engineering and 
Applied Electronics will take place in 
September. Evening courses, commencing 
on September 28, will also be held on 
Advanced Mathematics, Analogue Com- 
puters, Digital Computers, Transistors, 
Servo-Mechanisms, Pulse Techniques, 
Industrial Electronics, Radio Telemetry, 
Practical Numerical Analysis and Auto- 
matic Process Control. Details can be 
obtained from the Principal, Technical 
College, Beaconsfield Road, Southall, 
Middx. 
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LETTERS TO THE EDITOR 





(We do not hold ourselves responsible for the opinions of our correspondents) 


Reducing Ripple in Stabilized Supplies 

Dear Sir,—Some of your readers may 
be interested in a simple transistor cir- 
cuit for the reduction of hum and ripple 
content of a stabilized power supply. It 
is well known that a transistor, when 
used as emitter-follower with a battery 
or a reference stabilizer valve in the base 
circuit, gives a low output impedance 
supply almost as stable as the reference 
source. If instead of a d.c. voltage, a 
capacitor were connected as in Fig. 1 








+o— ~O 
a 
Power 
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Fig. 1. Basic ripple reducing circuit 


the circuit will reduce the ripple by a 
factor approaching # of the transistor, 
the actual improvement depending on the 
time-constant of the circuit. The base 
current is provided in the figure by a 
battery and resistance R. It could be 
provided by a rectifier and smoothed 
low voltage winding such as a heater 
winding on the mains’ transformer. 
The ripple in the base’ could 
be kept low by using very large capa- 
citance which is easily obtainable for 
low voltages. However, the basic advan- 
tage of this circuit lies in its simplicity 
and from this point of view it would 
be difficult to improve on a 1-5V battery. 
The battery consumption can be kept 
low by using a second and if necessary 
a third transistor as for example in Fig. 
2. The unit could be used as an ex- 
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improved ripple performance circuit 


ternal attachment to n_ existing 
stabilized power supply whose output 
ripple is excessive. It is independent of 
output voltage and only the base resist- 
ance R has to be adjusted so that the 
variations in output circuit do not cause 
the transistor to be either bottomed or 
overloaded. 

Since most popular transistors in this 
country are of the pnp type the control 
circuit has to be placed at the negative 
end of the supply. npn transistors could 
be used on the positive side. 
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A particularly useful. adaptation of 
this circuit is to klystron power supplies. 
Here the positive end is earthed and so 
it is advantageous to use the pnp tran- 
sistor. Also the current is virtually 
constant hence the resistance R can be 
adjusted once and for all for optimum 
operation. The idea was tried out here 
recently when it was found that the 
20mV ripple from a Q-band klystron 
power pack was excessive. A single V 
10/15A audio transistor (8 = 23) with 
1°5V cell, 2uF capacitor and 2°7k2 re- 
sistor reduced the ripple to below ImV. 

Other methods of biasing the tran- 
sistor could be utilized such as a resist- 
ance between collector and base’ with 
a suitable protective circuit (Zener 
diode) to avoid switching overload, but 
none appears as simple, trouble free and 
easy to apply as the one described. 


Yours faithfully, 
M. H. N. Portok, 


Department of Physics, 
University of Cambridge. 
REFERENCES 


1. Potrok,M.H.N. A Note on Transistor Stabilizers. 
Electronic Engng. 29, 94 (1957). 
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A Crystal Controlled Induction Heater 


Dear Sir,—Referring to the corre- 
spondence on the above subject published 
in the December 1958 issue, the working 
frequencies stated by Mr. Ashford are 
correct. In the Federal Republic of 
Western Germany they are enforced 
under penalty of a fine by a special 
“High Frequency Law” (passed in 1949 
by order of the Allied Military Govern- 
ment). 

In practice, however, the frequency of 
13-56Mc/s is hardly used at all, while the 
higher frequencies are applied exclusively 
for dielectric generators. 

I am quoting from “Die induktive 
Wirmebehandlung”:: 

“Three important requirements must be 
mentioned: frequency stability, freedom 
from feedback into the main and a very 
appreciable reduction in generation, in- 
ductive propagation and radiation of 
harmonics. How feasible it is to imple- 
ment these requirements must be con- 
sidered under three headings: physical- 


“The frequency allocation under the 
law is completely insufficient for induc- 
tion heating, even if no account is taken 
of the fact that the lowest frequency band 
is really too high for many requirements, 
In this respect physical characteristics are 
paramount, e.g. the dimensions of the 
work, depth of penetration, electrical and 
thermal conductivity of the material. 
Account must also be taken of changes 
in these characteristics during operation; 
particularly the values o and » are very 
temperature dependent. The generator 
must, therefore, be designed to take care 
of these changes and to deliver the maxi- 
mum output into the work during the 
whole of the operation. According to 
today’s knowledge only a_ self-excited 
generator with automatic frequency con- 
trol would meet this requirement, more 
particularly as the specification requires 
the whole operation to be completed in a 
very short time. The latter is the basic 
advantage of induction heating, allowing 
a relatively large energy concentration 
per unit of surface and volume of the 
work. That is why the use of stabilized 
frequency obtained by tuning adjustments 
of the oscillatory circuits and the coup- 
ling of the output stage seems hardly 
possible with the means at our disposal 
today, particularly as the necessary 
measures nearly always result in a con- 
siderable worsening of efficiency. Such 
arrangements also lead to a considerable 
increase in complexity of the equipment 
and are not desirable from the reliability 
point of view.” 

The working frequencies of nearly all 
inductive generators are one to two 
decades lower than the three Atlantic- 
City-Frequencies—The German “High 
Frequency Law” permits any desired fre- 
quencies for screened generators, pro- 
vided that the following defined field 
intensities for the fundamental wave and 
the other frequencies are not exceeded: 


The figures shown in Table 1 might 
be of interest to your readers. 


Yours faithfully, 
N. C. WEyss, 


Brown, Boveri & Cie AG., 
Mannheim, Germany. 


REFERENCE 
1. Brunst. KeGet, Weyss. Die induktive Wirme- 














technical, economical and operational. oe — ae 
TABLE 1. 
MEASURING FIELD 
DISTANCE INTENSITY 
All frequencies, Urban area d= 100m | E=<45pV/m 
(41. .68) 174. .223Mc/s Urban area d= 30m E=<30unV/m 
All frequencies, Industrial area d=1500m | E=< 10uV/m 
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Current Creep in Transistors 

Dear Sir,—With reference to Mr. 
R. E. George’s discussion in the March 
issue of ELECTRONIC ENGINEERING, we 
have on various occasions been con- 
fronted with a similar problem. 

Various transistor manufacturers state 
that with this circuit configuration /,, is 
composed of two components, namely 
surface leakage component which arises 
from surface contamination, which is 
directly proportional to applied voltage, 
and a thermal component which arises as 
a result of diode action, which varies 
exponentially with temperature and is 
independent of applied voltage. Accord- 
ing to our investigations the creep in I. 
was found due to a region of depletion 
adjacent to the junction. 

This depletion or barrier region is free 
of mobile charge and is essentially a di- 
electric of permittivity e similar to that 
found in diodes biased in reverse direc- 
tion. Due to this effective capacitance, it 
is possible for transistors with slight junc- 
tion impurities to indicate an /,,. of 
exponential characteristic; I have found 
this more so in certain drift transistors 
which have ended in thermal run-away 
even at constant ambient temperature, and 
stabilized voltage. 


Yours. faithfully, 
R. FELDMAN, 


Allis-Chalmers Manufacturing Co., 
Milwaukee, Wisconsin. 


Dear Sir,—I am pleased to confirm 
Mr. George’s observations in ELECTRONIC 
ENGINEERING (March 1959 page 172). Last 
year an attempt was made to calibrate a 
transistor as a temperature sensing 
element, using a small oven to raise the 
temperature at a rate of approximately 
1°C/min with frequent pauses. J. was 
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Fig. 1. Current /temperature measurements 


measured using IOV applied continuously. 
The results, which were rather variable, 
are shown in Fig. 1. 

Pulsed measurements, made by sud- 
denly applying voltage and reading the 
meter (AVO type 8) the moment the 
pointer was steady, were much more con- 
sistent, but differed from the continuous 
measurement by a factor of approxi- 
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mately half (see graph). This pulsed 
measurement of J,, was constant, at all 
temperatures, for applied voltages between 
2 and 10V i.e., it was a normal satura- 
tion current. 

Observations of the time rate of 
increase of current made at 10V and 61°C 
gave similar results to those reported, 
although after 1 000sec continuous rise, 
15sec * off period’ was needed to return 
the measured /,,. to its * pulsed’ level. 

The transistor measured was an OC71 
which is still available for further tests. 


Yours faithfully, 
M. R. NICHOLLS, 


Decca Radar Ltd, 
Chessington. 


Electrometer Amplifiers 

Dear Sir,—The electrometer amplifier 
described in your March issue (letters: 
page 173) closely resembles one used by 
Electronic Instruments Ltd since 1947. 
It appears in several of their instruments 
and forms the basis of over 4000 pH- 
meters manufactured by them. It has 
often been described’”’. 

The original circuit has two advan- 
tages omitted in your correspondent’s 
version which may be of interest; here it 
is shown in skeleton form (Fig. 1). By 
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Fig. 1. Basic amplifier circuit 


returning the cathodes of the voltage am- 
plifier pentodes to a low resistance poiat 
about + 30V above base, heavy d.c. 
locking is provided. This closely ‘pegs’ 
working conditions so that the input 
stages can be arranged as starved ampli- 
fiers with very high stage gain, up to 
1000 times using ME1400 electrometers. 
Secondly, potential divider coupling be- 
tween the voltage amplifiers and the 
triode output stages avoids the need for 
high resistance in the upper or cathode 
arms of the meter bridge. Such resist- 
ance is harmful in that it reduces output 
stage transconductance heavily, by a fac- 
tor roughly equal to its value multiplied 
by the mutual conductance of each triode 
valve. Resistance below the meter arm 
is unimportant because it is paralleled by 
the very low incremental resistance of the 
amplifiers. 

High sensitivity is valuable because it 
can permit high degeneration. The over- 
all trans-conductance of the circuit 
shown can be as high as 300mA/V. This 
means that in a pH-meter covering from 
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0 to 14 (814mV at 20°C) and using a 
100#A meter, overall feedback factor 
can exceed 2400 times. Heavy de- 
generation is desirable, to stabilize gain, 
to raise input resistance, and to reduce 
effective capacitance across the input cir- 
cuit, in all cases to an extent numerically 
equal to the feedback ratio. 

As Mr. Allenden points out, degenera- 
tion cannot improve zero stability nor can 
it reduce drift due to grid current. In 
all commercial applications of my circuit, 
heater supply stabilization has been in- 
cluded. 


Yours faithfully, 
G. I. HitcHcox, 


Philips Electrical Industries Ltd, 
Wellington, New Zealand. 
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The Author Replies : ; 

Dear Sir,—I studied Mr. Hitchcox’s 
amplifier with great interest, as another 
example of the very same principle which 
I quoted in my letter. The question of 
originality is beyond dispute; balanced 
d.c. amplifiers or the application of 
overall feedback are probably as old as 
the history of electronics. 

There is only one thing I should like 
to refer to, and that is the ‘ difference’ 
between the two circuits as pointed out 
by Mr. Hitchcox. I am afraid I am not 
able to discover this ‘ difference ’. 

The d.c. compensation of the anode 
voltage—as that is the only significance 
I can attach to the +30V cathode bias— 
is 16V in my circuit, obtained from the 
heater-dropping resistor chain, as it is 
easy to see on the circuit diagram. 

Secondly, I cannot find any difference 
in output impedance between the two 
circuits. (See Fig. A.) 
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Fig. A. The two circuits discussed 


The definite disadvantage of the second 
version is the 2R:; load on the voltage am- 
plifier, as its value is limited by the grid 
current in V2. 

Yours faithfully, 
A. D. BORONKAY, 


Unicam Instruments Ltd, 
Cambridge. 
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BOOK REVIEWS 


Fundamentals of Radio 
and Electronics 
Edited by W. L. Everitt. 792 pp. 595 figs. 
Medium 8vo. 2nd Edition. Constable & Co. Ltd. 
1959. Price 57s. 6d. 
Bs is a large and somewhat expen- 
sive book claiming to be ‘eminently 
suitable for self study’ which can ‘be 
used by people at all technical levels’ 
and ‘has a coverage to include the 
general field of electronics’. These are 
big claims and the value of the book in 
this country has been judged in the light 
of them. There is little doubt that the 
general field of electronics is covered but 
so superficially as to be of little value to 
the student. 

In Chapter I, mathematics is revised 
from the addition of ‘21 + 
the differentiation of exponential series in 
47 pages and includes one page which 
has log scales to be ‘cut out and pasted 
on cardboard or wood to make a model 
slide rule’. Surely the student can be 
persuaded to go out and buy himself a 
slide rule or advised not to proceed 
further. This sort of treatment pervades 
the book, sometimes the material is 
treated exhaustively, usually when it is 
very simple, and at others results ‘are 
assumed, e.g. in Chapter III the energy of 
a magnetic field associated with a coil is 
assumed to be equal to 4Z/* and no 
units are mentioned. No statement was 
found anywhere of any system of units 
employed and it is difficult to guess the 
intention. The ampere is defined in terms 
of its electrochemical action and axes on 
the hysteresis curves quoted are labelled 
‘Lines per square inch’ against ‘ ampere 
turns per inch’. 

Chapter [V deals with valves and tran- 
sistors and takes us from de Forest to 
the klystron, magnetron, camera tube and 
transistor. Incidentally, it was surprising 
to see in Chapter IV that the image 
orthicon ‘employs an_ electron-beam- 
scanned mosaic plate’ although a good 
description of the image orthicon is given 
in the later chapter on monochrome tele- 
vision. In explaining transistor action, 
one feels sympathy for the student who 
suddenly meets the expression ‘It is 
known that the elements of the Fourth 
Group of the Periodic table . . . have four 
valence electrons in their outermost shell 

. . and one feels that the addition of 
fractions in Chapter I might have been 
omitted and such a remark explained— 
if it is considered necessary to the under- 
standing of transistor action. 

Throughout the book American ter- 
minology would be confusing to the 
British student. For instance, it is no use 
looking up n.f.b. in the index—it is 
called inverse feed back; integrating and 
differentiating circuits are not referred 
to by these names but their action is 
called ‘rate of change action’. No dis- 
tinction is made between d.c. restoration 
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and clamping. Some of the phrasing, too, 
while possibly good American, is poor 
English, e.g. ‘After a wave has passed 
through an R.C. amplifier and lost its 
own d.c. axis .. .’ and elsewhere ‘ the gas 
tube cannot turn on and off too rapidly’ 
meaning, as appears later, that it cannot 
turn on and off very rapidly. 

The chapters on monochrome and 
colour television are of course dealing 
entirely with the American system, and 
British students looking for an introduc- 
tion to the subject would be advised to 
read books dealing with our own stan- 
dards first. In connexion with the treat- 
ment of television in this book, it is a 
little surprising to find no mention of 
photo-conductive tubes and the record- 
ing and transmission of film gets very 
slight treatment. No mention is made of 
the magnetic recording of video. 

Some chapters are quite good, particu- 
larly the chapters on ‘Electromagnetic 
Waves’ and ‘Transmission and Recep- 
tion of Signals by Radio’ although all 
the equipment referred to is American. 

In summary, it may be said that this 
book sets out to lead the student through 
the electronic field and in this it largely 
fails. It might be interesting to technical 
readers in that it gives a general, super- 
ficial and almost entirely non-mathemati- 
cal review of many possibly unfamiliar 
electronic applications but superficiality 
is ultimately annoying when information 
is expected. The authors have among 
them a mass of first-rate material which 
in the process of condensation and sim- 
plification has lost a good deal of its 
original value. 

H. HENDERSON 


Radio Engineering Formulae and 


Calculations 
By W. E. Pannett. 200 pp. 160 figs. Demy 8vo. 
sth 3 Edition. 1959. Price 


George Newnes Ltd. ~ 
1 


N this book, cinheiie have been 

selected from everyday practice in 
design, installation and operation and 
are shown fully worked and generously 
illustrated. Although it is intended 
primarily for the practising engineer, it 
will be found equally valuable to the 
technical assistant and the student about 
to embark on an engineering career. 

The introductory section shows how 
the common mathematical tools can be 
best used, with simple examples. Then 
follows, in concise form, radio engineer- 
ing formulae and _ reference notes, 
grouped under subject headings, and 
accompanied by many worked examples 
of problems typical of those encoun- 
tered by field, installation, maintenance 
and design engineers. The final section 
of reference material includes 
useful data and the mathematical tables 
commonly required in practical work. 
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Punched Cards: Their Application 
to ween and Industry 
Edited by R. S. Casey, J. W. Perry, A. mag . 
M. Berry. Pa ‘pp. 191 figs. Medium 8vo. 
Edition. Chapman & Hall Ltd. 1959. Price ee 
Bf ipone well-known book on punched 
card systems has been thoroughly 
revised and brought up to date, giving a 
second edition which is in some respects 
supplementary to the first, in that few 
chapters remain unaltered, and many 
new ones have been added. 

Those not familiar with the earlier 
edition must not expect a book on cal- 
culating and computing machines. Its 
scope is strictly limited to the use of 
cards for recording, sorting and correlat- 
ing data, and especially for indexing 
literature. Although of particular value 
to librarians and information workers, all 
engineers and scientists should know at 
least as much about punched cards as is 
contained in the chapters which are 
recommended in the preface as an intro- 
ductory survey. 

The book is in five parts. 

Part I describes the various types of 
hand and machine-sorted cards, and 
gives detailed instructions for the mani- 
pulation of hand-sorted cards. For com- 
pleteness the ‘ Peek-a-boo’ system should 
have been described here, instead of with 
the applications in Part IT. 

The variety of new applications given 
in the second part indicates the growing 
importance of punched cards for docu- 
mentation and record sorting. Examples 
range from chemical to linguistic analy- 
sis, and from report writing to patent 
searching. The Uniterm system is in- 
cluded, but does not make use of 
punched cards, and so is rather out of 
place. 

Classification, coding and _ searching 
operations are analysed in Part III. This 
is valuable, since the efficiency of a 
system in practice depends to a large 
extent on these operations. Symbolic 


‘logic is introduced, but not to an extent 


that need deter even the casual reader. 

Part IV is entitled ‘ Future Possibili- 
ties’, inappropriately since its two chap- 
ters are on advanced, but current, appli- 
cations. The chapter on mechanized 
documentation is too long, as are some 
other chapters in the. book. 

The bibliography, which forms the last 
part, is a supplement to the bibliography 
in the first edition, and brings the refer- 
ences up to date by adding a further 401 
to the original 276 items. There are also 
individual 
chapters. 

It would have been useful to include 
a section giving a comparison, from a 
practical viewpoint, of punched cards 
with other methods of indexing, and a 
clear explanation of the factors to be 
considered when selecting systems for 
various applications. The book is never- 
theless a comprehensive survey of the 
available equipment, and gives extensive 
and valuable examples of its use. 
Although the equipment described is 
primarily American, the same, or similar 
types of equipment are available in this 
country. 

G. G. Boyt 
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Basic Electricity (in five parts) 
By Van Valkenburgh. Nooger & Neville Inc. 600 
pp. 620 figs. Royal 8vo. Technical Press Ltd. 

1959. 12s. 6d. per part. 55s. per set. 

HE series of books is listed as a course 

of training developed for the U.S. 
Navy, where many recruits with no 
knowledge of electricity were to be 
trained rapidly as technicians—operators 
and maintenance men—but not to be 
trained further as electrical engineers. 
A modified form of the original Navy 
manual was introduced for American 
schools, technical institutions, etc., and 
was apparently well received. In this 
edition the terminology has in general 
been altered to conform to British prac- 
tice, but it is most unfortunate that there 
are many lapses. 

Teaching is in colloquial style, with 
much repetition; most of the illustrations 
are sketches of the apparatus as seen, 
but in some cases followed by a circuit 
diagram of the type the user will later 
meet in practice. The general level is 
somewhat similar to that of a boys’ book 
in this country, but many bright boys 
might consider much of this as ‘kid’s 
stuff’. The appeal is to the dimmest 
student, which is presumably intentional. 

Loose thinking is apparent in various 
ways; for example e.m.f. and p.d. appear 
to be regarded as° alternative terms 
because they are both measured in volts. 
The almost alternate use of meter 
‘pointer’ and ‘needle’ shows that the 
parts dealing with measuring instruments 
(termed meters throughout) were not 
written by anyone familiar with instru- 
ments. Among examples that irritate are 
the continual use of ‘ D.C. Current’, Do 
the writers not know what d.c. stands 
for? 

Although some literal and graphical 
symbols are used there are some depart- 
ures from B.S. practice; literal symbols 
such as k instead k®, for example, are 
all quoted as abbreviations, which they 
are not in British practice. 

Because of this lack of sound -editing 
the work has less application to British 
students, although the simple style may 
be of the level required for mass-produced 
technicians with limited capabilities. 


E. H. W. BANNER 


Loudspeakers 


By G. A. Briggs. 336 pp. 50 figs. Demy 8vo. 
Sth Edition. Wharfedale Wireless Works Ltd., 
Idle, Bradford. 1959. Price 19s. 6d. 

HE statement on the reverse of the 

title page, ‘ Fifth Edition, Completely 
Revised and Enlarged,’ is by no means 
an understatement. It looks all new. 
There is no doubt that Mr. Briggs works 
on his books, as a result of which each 
offering is more informative, interesting 
and entertaining than its predecessor. 
This one represents tremendous all-round 
advance from the previous edition in 
these respects. 

Some in the publishing business have 
commented that Mr. Briggs’ previous 
Offerings have been somewhat ‘ amateur- 
ish’. If that means failure to adhere to 
traditional rules for writing this type of 
book, he still is refreshingly so. But from 
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the ‘mechanical’ viewpoint—make-up, 
general presentation, and concise infor- 
mative content, this is no amateur offer- 
ing. 

His coverage includes many historical 
and personal notes that give the reader 
a feeling of being personally acquainted 
with many of the people who have con- 
tributed to ‘ high fidelity’s’ progress. The 
early part of the book treats the various 
parts that make a loudspeaker. It then 
goes into various aspects of performance 
characteristics. Finally come essentially 
related matters, such as room acoustics, 
crossovers, audio fairs, concert halls and 
various other details. 

His chapter on stereo is typical of his 
general philosophy in the book. There 
are sO many controversial areas in such 
a subject that the ‘experts’ often dis- 
agree, so it is difficult to be impartially 
authoritative. In this particular area, Mr. 
Briggs has taken four representative 
gentlemen ‘ whose opinions we value, but 
do not necessarily share’, provided them 
with a comprehensive demonstration, and 
then given a full report of their indivi- 
dual findings and opinions. 

In his introduction, Mr. Briggs predicts 
that the first two chapters (‘Looking 
Back’ and ‘ Books’) are calculated to 
exasperate any technical reviewer. Far 
from being exasperated, this reviewer 
derived considerable enjoyment from 
reading them. Many must have asked 
themselves, ‘What makes a man in the 
loudspeaker manufacturing business take 
up publishing? What’s he up to?’ Mr. 
Briggs tells us his story in very pleasant 
style. 

Altogether, this book is _ strongly 
recommended for the bookshelf of any- 
one with any interest whatever in either 
loudspeakers or high fidelity. 


N. H. CROWHURST 


Théorie et Pratique des Circuits 
Electroniques et des Amplificateurs 
By J. Quintet. 256 pp. 160 figs. Vol. I. Demy 8vo. 

Dunod, Paris. 1958. Price 1,960 fr. 
HE title of the book, of which this is 
the third edition, may be somewhat 
misleading unless it is noted that this is 
Volume I, devoted to Complex Algebra 
and Networks. 

Apart from a specific circuit (pentode 
integrator) and as an application of 
Thevenin’s theorem the thermionic valve 
only enters into the subject in the last 
chapter where the negative resistance 
effect is dealt with, no doubt as an intro- 
duction to oscillators which form part of 
Volume II. 

This is not a book for experts. About 
one quarter of the contents deals with 
complex algebra and its application to 
simple a.c. circuits. Two useful chapters 
then follow: One on network theorems 
and circuit transformations and the other 
on mutual inductance. The general trans- 
former equations are then deduced but in 
quoting the approximate equations the 
author draws particular attention to the 
absence of resistance but fails to insist on 
the equally important approximation of 
zero leakage. 





EE 12212 for further details 
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There remains almost half the text for 
the circuits which enter into amplifiers 
and oscillators, transients in RL, RC and 
RLC circuits, series and parallel reson- 
ance and coupled circuits. 

The author has made every effort to 
present a clear understanding of his sub- 
ject and if some of the calculations appear 
elementary the text is singularly free from 
such aggravating expressions as “it is 
evident that .. .”. 

Students will find much of value in the 
book particularly in the chapters dealing 
with mutual inductance and coupled 
circuits. As would be expected, however, 
the choice of material is ill fitted to 
most British engineering syllabuses, but it 
might well fit simpler more specialized 
courses. The detailed arithmetic is calcu- 
lated to give confidence to a student by 
showing him not simply that he has gone 
wrong (which is all that a numerical 
answer to a problem can do) but where 
he has gone wrong. 

In the reviewer’s* opinion the author 
has tried to spread his net too widely by 
stating in his preface that the book is 
eminently suitable to, among others, en- 
gineers and that radio amateurs could 
profit from it. Surely specialization in the 
training of the engineer has not reached 
such a pitch that a qualified man needs 
to be taught complex algebra. On the 
other hand it is doubtful if the radio 
amateur would have the patience to reach 
the important aspects. To those in be- 
tween the book has attractions. 

G. ASHDOWN 
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THE INTERNATIONAL TRANSISTOR 


EXHIBITION 





A description, compiled from information supplied by the manufacturers, of a further selection 
of the exhibits at the International Transistor Exhibition. 


(Voir page 503 pour la traduction en francais: Deutsche Ubersetzung Seite 507) 


DEPENDABLE RELAY CO. LTD. 
8a Ainger Road, London N.W.3 
MINIATURE HIGH SPEED COUNTERS 
(Illustrated below) 


The standard model of this miniature 
high speed electromagnetic counter will 
count at speeds of up to 1 500 counts per 
minute. It is complete in a box with an 
outlet for a photo-electric cell or for 
ultra-sensitive contacting units such as 
moving-coil relays. A selector switch is 
provided for selection of photocell or 
normally open or normally closed con- 
tact operation. The current carrying 
capacity of the contact need only be 
500HA. The unit measures Sin x 4in 
x 24in and can be supplied for a.c. 
mains or battery operation. Units with 
batch counting and electrical reset can 
also be supplied and a model capable of 
counting at 3000 counts/minute is also 
available. 


EE 12751 for further details 





FERRANTI LTD 
Holnwood, Manchester, Lancashire 
SILICON TRANSISTORS 

General work is being carried out on 
high-speed silicon transistors in the range 
50 to 100Mc/s, the technique of solid 
state diffusion being applied to their pro- 
duction. In these transistors both the base 
layer and the emitter are formed by 
diffusion into a silicon wafer which forms 
the collector electrode. These transistors 
are at present being produced in small 
quantities. The Wythenshawe laboratories 
are also working on alloy signal tran- 
sistors working at frequencies up to 
10Mc/s which are particularly suitable 
for fast switching applications. It is 
anticipated that both types will be com- 
mercially available towards the end of 
the year. Ferranti Ltd have announced 
that they will concentrate on silicon alloy 
and diffused transistors for military 
applications and for industrial applica- 
tions, where high temperature operation 
would rule out the use of germanium 
transistors. 

Parametric diodes intended for high 
frequency use are under development at 
present and work on four layer diodes 
has been progressing rapidly with the 
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result that these are now in pilot produc- 
tion. This is a pnpn diode which can act 
as a switching device for use in com- 
puters and pulse circuits. It is basically 
the semiconductor version of a gas dis- 
charge tube. Striking voltages range from 
80 to 120V and the ‘on impedance’ is 
a few ohms. Holding on currents range 
from 1 to 50mA. It is about the same 
physical size as the ZS10 series diodes. 


EE 12752 for further details 


SILICON SOLAR CELLS 
Another interesting device made by the 


diffusion method is the silicon solar 
photovoltaic cell, which will convert 
energy from the sun or from incan- 


descent lamps into electrical energy. It 
has a response time of a few micro- 
seconds and operates without deteriora- 
tion under conditions of high temperature 
and humidity. 

Under such conditions light falling 
upon a silicon photovoltaic cell will pro- 
duce an increase in the temperature of 
the cell: fortunately, however, silicon 
cells will work at high temperatures 
without being damaged and with very 
little reduction in their output voltage. 
Connecting an external load causes a 
minor reduction in this temperature due 
to the tranfer of energy from the cell to 
the load. With cells of this type power 
conversion efficiencies of over 11 per 
cent can be achieved. 

These cells can be supplied in various 
shapes and sizes, the maximum area for 
a single cell being two square inches. It 
is possible to use them in series, parallel, 


or in series parallel combinations to 
obtain higher output voltages and 
currents. 


Quite substantial amounts of current 
can be obtained from the solar cell. For 
example, a cell with an area of lin’ 
can deliver a current of 20mA when 
exposed to white light of moderate 
brightness. 

EE 12 753 for further details 


RADIO HEATERS LTD 
Eastheath Avenue, Wokingham, Berkshire 
SILICON REFINING UNIT 
(Illustrated above right) 

The Radyne floating zone silicon refin- 
ing unit has been specially designed to 
meet the requirements of the semicon- 
ductor industry. 

The unit will handle silicon rods vary- 
ing from 1 to 24cm in diameter and 15 to 
56cm in length. The principle of opera- 
tion used is to traverse the coil over the 
silicon rod while the latter is rotated. The 
plant is complete with all vacuum equip- 
ment and control gear and is designed to 
work in conjunction with either 5, 10 or 
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1SkW, 450kc/s, 3 to 4Mc/s Radyne rf, 
generators. 

The quartz tube refining assembly is 
carried on two heavy cast aluminium 
brackets. Vacuum seals are provided on 
the top and bottom bracket assemblies. 
‘O’ rings are used between bolted flanges, 
modified Wilson shields on the rotating 
shafts and a Radyne pinch seal of neo- 
prene rubber for the quartz tube seals, 
Quartz tubes ranging from 20 to 40mm 
internal diameter can be accommodated. 
Adjustable chucks are provided for sup- 
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porting the silicon rod and the rotation 
speed can be varied from 2 to 60rev/min. 
The rod can be driven from both chucks 
or either chuck independently. The speed 
of rotation is continuously variable and 
controlled by a Servomex amplifier, The 
top bracket supporting the quartz tube 
can be adjusted to accommodate lengths 
of tube varying from 8 to 24in (203 to 
610mm). In addition, provision is made 
for adjustment of the zone length during 
processing and a simple collet release is 
provided on the bottom chuck so as to 
accommodate various lengths of silicon 
rod. 

EE 12 754 for further details 


RIVLIN INSTRUMENTS LTD. 
Doman Road, Camberley, Surrey 
TRANSISTOR TESTER 


(Illustrated above right) 


This instrument is designed to indicate 
changes in the characteristics, or the 
failure of a pnp junction transistor. It 
enables measurement of the grounded 
emitter current gain the open-circuit 
base-to-collector leakage current and the 
collector turnover voltage to be made 


AUGUST 1959 





















\adyne rf, 


sembly is 
aluminium 
Ovided on 
issemblies, 
-d flanges, 
€ rotating 
il of neo- 
ube seals, 
to 40mm 
imodated. 
| for sup- 





‘otation 
>v /min. 
chucks 


e speed 
‘le and 
or. The 
z tube 
lengths 
203 to 
; made 
during 
ease is 
as to 
silicon 


details 
D. 


dicate 
r the 
or. It 
unded 
circuit 
id the 
made 


959 




















over wide ranges of current and vol- 
tage. 

All readings are taken on a 4}in 
meter, having a knife edge pointer and 
mirror scale. 

A 24in meter is provided for moni- 
toring the low voltage supply to the tran- 
sistor under test. 

Collector voltage can be measured from 
0 to 20V, collector current from 0 to 
2:-5A, current gain from 0 to 100 and 
collector leakage current from 0 to 2:5A 
in six ranges. The measurement of turn- 
over voltage is dependent on the maxi- 
mum dissipation of the transistor under 
test but three ranges of 2-5, 25 and 
100mW give voltages up to 85V. 

The accuracy of measurement of 
current gain and turnover voltage is + 5 
per cent and of leakage.current + 2 per 
cent. 

The low voltage supply to the tran- 
sistor is variable in five steps from 0-4V 
to 19V with a fine adjustment provided 
on the 0-4V position. 

All controls and the connectors for the 
transistor under test are mounted on the 
front panel. 

EE 12 755 for further details 


ROBAND ELECTRONICS LTD 
33 Mountgrove Road, Hiechbury, London N.5 
REGULATED POWER SUPPLIES 


(Illustrated below) 


A complete range of transistorized 
regulated power supplies was shown ex- 
tending from open chassis units of 25V 
max at 1A to variable supplies of 0 to 
30V at 20A. A typical example, the T111, 
a 0 to 50V SA unit is illustrated. Among 
advantages claimed are adequate pro- 
tection against accidental overload, 4 
terminal output networks to eliminate 
the resistance of interconnecting leads, 
and relay protection to avoid current 
surges during switching-on conditions. 
All sub-units can be preset to operate at 
any voltage at the maximum quoted 
current. 

EE 12 756 for further details 
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SIEMENS EDISON SWAN LTD 
155 Charing Cross Road, London W.C.2 
BETA TESTER 


(Illustrated below) 


This simple test set provides a quick, 
direct, indication of current gain and 
collector leakage current of pnp transis- 
tors under common emitter conditions. 

Current gain (8 or a’), within a range 
10 to 150, can be read directly on a 
calibrated dial by adjusting until an 
audible note just ceases. This measure- 
ment can be carried out at a collector 
current of 0:5 to 4mA, the set collector 
current being read on a meter. 

Leakage current is measured on the 
meter, at a fixed collector voltage of 9V. 
A push-button switch alters the range of 
the meter to 500#A f.s.d. for this test. 

Accuracy of measurement: + 5 per 
cent or + 5 whichever is the greater. 

The test set is a battery operated 
transistorized unit housed in a robust 
die-cast box. The transistor under test 
is connected by means of quick-release 
terminals, and both measurements can 
be carried out by unskilled personnel in 
a few seconds. 


EE 12 757 for further details 





TELEFUNKEN G.m.b.H. 
Ulm /Donau, Germany 
TRANSISTOR TESTER 
(Illustrated akove right) 


This transistor tester, known as the 
‘Teletrons I’, is a multi-purpose measure- 
ing equipment for npn and pnp transis- 
tors. It will make five static tests and 
carry out seven dynamic measurements 
at Ikc/s for various adjustable operating 
points; all dynamic measurements being 
effected in the emitter circuit. 

The tester consists basically of a 
bridge circuit, a lkc/s generator, a null 
indicator (amplifier and meter) and a 
mains power supply unit. 

All h and y parameters can be 
measured as a.c. characteristic quantities 
in the emitter circuit. The characteristic 
quantities are: input resistance (short- 
circuit output), current amplification, 
transconductance, output resistance, 
(input-shorted), inverse voltage transfer 
ratio, and inverse transconductance, three 
measuring ranges having been provided 
for each of these parameters. 

By means of calibrated resistors in the 
measuring bridge an exact determination 
of the individual measuring values can be 
determined, as required, from the short- 
circuit and open-circuit parameters 
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measured. This is effected by applying 
simple conversion formulae included in 
the instructions for use. 

The operating points of the transistor 
to be measured can be adjusted con- 
tinuously between 0 and 30V collector 
voltage and 0 and 5mA emitter current. 
The incorporated indicator instruments 
are each provided with two measuring 
ranges, which can be switched over by 
pressing a button on the instrument, 
enabling the exact setting of operating 
points (voltage ranges 0 to 6V arid 0 to 
30V, current ranges 0 to ImA and 0 to 
5mA). 

In addition to these a.c. characteristic 
quantitics the most important d.c. check- 
ing measurements can be effected on the 
transistor collector junctions. These in- 
clude measurements of the collector cut- 
off current Jeo, Leo’, Ice and the measure- 
ment of the emitter cut-off current Joe 
and the associated breakdown voltage in 
so far as they lie in the range between 0 
and 30V. Finally the base d.c. voltage 
Ve can be read off on the zero indicator 
for the operating point concerned. Know- 
ledge of the base d.c. voltage is impor- 
tant, for instance, for stabilizing the tran- 
sistor in the circuit. 


EE 12 758 for further details 


TRANSITRON ELECTRONIC 
CORPORATION 


168-182 Albion Street, Wakefield, Massachusetts, 
U.S.A. Represented by: G.E. Industrial Supplies 
Ltd, 357 Euston Road, London N.W.1 


SILICON CONTROLLED RECTIFIERS 
(Illustrated below) 


These silicon controlled rectifiers are 
pnpn power switching devices and have 
current ratings of up to 10A at a case 
temperature of 100°C and peak inverse 
voltage ratings ranging from 50 to 400V. 

Within their power capabilities Tran- 
sitron controlled rectifiers can be used 
to replace thyratrons, ignitrons, switches, 
relays, power transistors, magnetic 
amplifiers and contactors. 
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They are mounted on a_ standard 
11/16in hexagonal base which permits 
easy mounting by drilling one hole only. 

EE 12 759 for further details 


VENNER ELECTRONICS LTD 
Kingston-By-Pass, New Malden, Surrey 
MEGACYCLE DIGITAL CONVERTOR 
(Illustrated below) 


This ‘add-on’ unit is designed for use 
with Venner frequency meters type 
TSA3 and TSAS3. It enables measure- 
ments to be made up to a frequency of 
1Mc/s on 100 kce/s instruments, or up to 
500kc/s on 50kc/s instruments. The con- 
vertor may also be used in conjunction 
with frequency measuring equipment of 
other manufacture, but intending users 
should verify that this applies to their 
particular instrument before ordering. 

The convertor consists essentially of a 
scale-of-ten transistor megacycle divider 
preceded by « megacycle pulse shaper 





and emitter-follower stage presenting a 
high input impedance to the signal. An 
input attenuator and a well stabilized 
mains power supply are included, 

To use, the output of the convertor 
should be connected to the input socket 
on the frequency meter, which should be 
set up for frequency measurement in the 
usual way. The input attenuator should 
be set to maximum sensitivity. The signal 
to be measured should be fed to the 
coaxial input socket of the convertor and 
the convertor input attenuator suitably 
adjusted. 

If a gating period of lsec is employed 
the reading displayed on the frequency 
meter should be multiplied by a factor of 
ten to 2ive an answer in cycles per 
. second. The sixth significant figure will 
not be shown, but can now be obtained 
by employing the 10sec gating period, e.g. 
a frequency of 962 115c/s would appear 
as 96211 with the Isec gate, or as 62115 
with the 10sec gate. 


EE 12 760 for further details 


WAYNE KERR LABORATORIES 
LTD 


Roebuck Road, Chessington, Surrey 
TRANSISTOR ADAPTORS 
(Illustrated above right) 


The Q601 series of transistor adaptors 
is designed to measure transistor para- 
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meters under small signal conditions 
over a frequency range of 15kc/s to 
5Mc/s. The adaptors are used with the 
Wayne Kerr radio frequency bridge type 
B601 and a suitable signal source and 
detector. 

Two series of adaptors have been 
designed; one for pnp transistors and 
the parameters which can be measured 
are as follows: 


Yu’, the input admittance in the 
grounded-emitter configuration with the 
output short-circuited. 

Y,,, the input admittance in the 
grounded-base configuration with the 
output short-circuited. 

Yx, the output admittance in the 
grounded-base configuration with the 


input short-circuited. 

a, the current gain in the grounded- 
base configuration with the output short- 
circuited. 

Yn’, the transfer admittance in the 
grounded-emitter configuration with the 
output short-circuited. 


EE 12 761 for further details 


WESTINGHOUSE BRAKE & SIGNAL 
co. LTD 
82 York Way, King’s Cross, London N.1 
SWITCHING DEVICES 
(Illustrated below) 


The Dynistor switch is a multi-layer 
pnpn germanium device having a break- 
over voltage characteristic which enables 
it to change from a high resistance 
(blocking) condition to a low resistance 
(conducting) condition in a fraction of a 
microsecond. This switching time is con- 
siderably shorter than that of switching 
transistors of comparable power handling 
capabilities. 

The breakover may be initiated .by a 
short-duration trigger pulse of sufficient 
magnitude to raise the Dynistor voltage 
above the breakover level, This trigger 
pulse can be of less than one micro- 
second duration. 

in operating practice the circuit voltage 
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across the Dynistor is kept below the 
bottom voltage of its category, and a 
trigger pulse of sufficient magnitude to 
raise the voltage above the top voltage of 
that category is used. For example, type 
DG11 should be used at an operating 
voltage of less than 50V and a trigger 
pulse sufficient to raise the voltage above 
75V would be required. 

To turn the Dynistor off it is neces- 
sary to reduce the current below a mini- 
mum value known as the sustaining 
cusrent which is of the order of 20 to 
50mA. 

If the polarity of the supply is re- 
versed the Dynistor will offer a low resist- 
ance at all times, there being no break- 
over characteristic in this direction on 
account of the pnpn structure. 

The Westinghouse Trinistor is a threé- 
terminal miulti-junction silicon npnp 
switch whose breakover voltage can be 
controlled by the base current. Electric- 
ally it is similar to a high power silicon 
rectifying diode to which -a _ third 
(control) electrode has been added. In 
the forward (conducting) direction, with 
no input signal to the base (contro)) 
terminal, the Trinistor will block up to 
the full rated voltage, and will only 
breakover into a conducting condition 
if the rated breakover voltage is ex- 
ceeded. 

If the base is made positive with 
respect to the cathode, the breakover 
voltage is progressively reduced with 
increasing base drive and will fall to a 
few volts with a base drive of approxi- 
mately 2 to SV at 25 to 150mA. Full 
forward current can now flow with a 
forward voltage drop similar to that of 
a normal silicon diode. However, once 
forward current has commenced to flow, 
the base drive may be discontinued if 
desired, since (apart from certain special 
circumstances) the’ base no longer has 
any effect on the characteristics. 

To turn the Trinistor off it is in 
general necessary to reduce the current 
below a certain minimum value known 
as the sustaining current although turn- 
off by a base control signal is possible 
at low currents. 

In the reverse direction the character- 
istic is similar to that of a normal sili- 
con diode, being capable of blocking up 
to the full rated voltage. No breakover 
or control is possible in this direction, 
and the rated reverse voltage must not 
be exceeded. 

A range of high power npn fused 
silicon transistors is also available and 
these are intended for high power 
switching and amplifier applications. 
These transistors are characterized by a 
very low saturation resistance and this, 
together with the voltage and current 
ratings available, permits the handling 
of high switching powers with a mini- 
mum of losses. Encapsulation is by a 
welded stainless steel case designed for 
mounting on an external heat sink by 
means of a copper stud. 

They are available in 2A and 5A 
types with Vee (max) up to 300V. 


EE 12 762 for further details 
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NILE ALAA advantages 


@ Wide range of sizes Mullard Vinkors are the most efficient 

adjustable pot core assembiies com- 

e Easily assembled mercially available. in addition to high 

performance, they have the distinct 

advantage of close tolerance permea- 
@ Close tolerance " 

2 bility, thus enabling designers to 

permeability a ; 
precaiculate to within +3% the induct- 


ance of the core when wound Final 





® Precise and easy adjustment, taking into account normal 

‘ inductance adjustment capacitor tolerance, can be easily 

effected to an accuracy of better than 

@ Stability 0.02%by means of a simple self-locking 
device built into the core. 


@ Single hole chassis Write today for full details of the wide 


mounting range of Vinkors currently available. 
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VINKOR POT CORES 
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The advertisement pages in this section are 
available for British and Overseas advertisers 
to present their products to electronics engineers 
all over the world. They will command much 


attention. 
For further details write to THE ADVERTISEMENT MANAGER 








Les pages d’annonces de cette section sont 
réservées a la publicité des sociétés britanniques 
et étrangéres afin de leur permettre de présenter 
leurs fabrications aux ingénieurs-électriciens du 
monde entier. Elles attireront une attention 


considérable. 
Pour plus amples renseignements s’adresser au CHEF DE LA PUBLICITE 


Die Anzeigenseiten in diesem Teil stehen britischen, 
europaischen und iiberseeischen Inserenten zur 
Einfuhrung ihrer Erzeugnisse bei elektronischen 
Ingenieuren auf der ganzen Welt zur Verfugung. 
Sie werden immer gebiihrende Aufmerksamkeit 
auf sich ziehen. 


Wegen weiterer Einzelheiten wenden Sie sich bitte 
AN DEN WERBUNGSLEITER 


Electronic Engineering 


28 ESSEX ST., STRAND, LONDON, W.C.2, ENGLAND 


Telephone: CENtral 6565 Telegrams: ‘Lectroning, Estrand, London’ 









































ELECTRONIC ENGINEERING AUGUST 1959 






























































DEPENDABLE RELAY CO. LTD 
8a Ainger Road, London, N.W.3 
COMPTEURS MINIATURE A ACTION RAPIDE 
(Illustration a la page 500) 

Le modéle courant de ce compteur 
miniature électromagnétique a action 
rapide peut atteindre des vitesses de 
comptage allant jusqu’a 1500 coups par 
minute. C’est un instrument complet, 
enfermé dans un boitier avec une ouver- 
ture pour cellule photoélectrique ou pour 
contacteur ultra-sensible, tel que les 
relais & bobine mobile. Un _ sélecteur 
permet de choisir soit le fonctionnement 
par cellule photoélectrique soit par con- 
tacteur normalement ouvert ou normale- 
ment fermé. Le courant nécessaire au 
contacteur peut se réduire & 500 uA. Les 
dimensions de l’instrument sont de 127 
mm x 102 mm x 64 mm et il fonctionne 
sur secteur alternatif ou sur batterie. II 
existe également des modéles pour 
comptage groupé a _ réenclanchement 
électrique, ainsi qu’un modéle pouvant 
compter 4 la cadence de 3000 coups par 

minute. 

EE 12751 pour plus amples renseignements 


FERRANTI LTD 
Hollinwood, Manchester, Lancashire 

TRANSISTORS AU SILICIUM 

La Société Ferranti se consacre actuel- 
lement & la mise au point de transistors 
4 action rapide dans la gamme de 50 A 
100 MHz, appliquant 4 leur production 
la méthode de diffusion A I’état solide. 
Dans ces transistors, tant la couche 
d’embase que |’émetteur sont formés par 
diffusion dans un support plat de silicium 
qui constitue I’électrode collectrice. Ces 
transistors sont actuellement produits en 
petites quantités. Les Laboratoires 
Wythenshawe travaillent également a des 
transistors de signaux en alliage, fonc- 
tionnant a des fréquences allant jusqu’a 
10 MHz, qui conviennent particulitre- 
Ment aux applications de commutation 
rapide. On s’attend a ce que les deux 
modéles soient mis sur le marché vers 
la fin de l'année en cours. La Société 
Ferranti a annoncé qu’elle portera son 
effort principal sur l’alliage .au silicium 
et sur les transistors diffus pour les 
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Une description complémentaire, basée sur des renseignements fournis par les fabricants, de 
certaines des réalisations présentées au Salon International du Transistor. 


applications militaires et industrielles ot 
le fonctionnement 4 des hautes tempéra- 
tures excluerait l'emploi de transistors au 
germanium. 

Les diodes paramétriques pour les 
hautes fréquences sont actuellement en 
cours de développement et des travaux 
sur des diodes 4 quatre couches pro- 
gressent rapidement, de sorte qu’elles 
sont déja en production pilote. I] s’agit 
de diodes PNPN pour calculateurs et 
circuits d’impulsion, représentant essen- 
tiellement la version en semi-conducteurs 
de tubes 4 décharge gazeuse. Les tensions 
d’amorcage vont de 80 a 120 volts et 
limpédance en circuit est de quelques 
ohms. Le courant de maintien va de 1 a 
50 mA. Enfin, ces diodes sont a peu 
prés de méme grandeur que les diodes 
de série ZS10. 

EE 12 752 pour plus amples renseignements 


CELLULES SOLAIRES DE SILICIUM 

La cellule solaire photovoltaique au 
silicium représente un nouvel élément 
intéressant fabriqué par la méthode dite 
de diffusion. Cette cellule transforme 
énergie solaire ou l’énergie de lampes 
a incandescence en énergie électrique. 
Elle a une durée de réponse de quelques 
microsecondes et fonctionne sans se 
détériorer dans des conditions de grande 
humidité et de température élevée. En 
pareilles conditions, la lumiére tombant 
sur la cellule photovoltaique au silicium 
produit une augmentation de température 
de la cellule. Les cellules au silicium 
fonctionnent, heureusement, 4 de hautes 
températures sans risque d’endommage- 
ment et avec une trés faible diminution 
de leur tension de sortie. En reliant une 
charge extérieure, on provoque une 
légére réduction de cette température en 
raison du transfert d’énergie de la cellule 
ala charge. Des transformations d’énergie 
de plus de 11% peuvent étre réalisées 
avec des cellules de ce genre. 

Ces cellules sont fournies en différentes 
formes et grandeurs, la surface maximum 
d’une seule cellule étant de 12,9 cm?. On 
peut les employer en série, en paralléle 
ou en combinaisons série/paralléle, afin 
d’obtenir des tensions de sortie et des 
courants plus élevés. 
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Traduction des pages 500 a 502 


On peut obtenir de la cellule solaire 
des courants d’une puissance assez 
importante. Ainsi, une cellule de 6 cm? 
de surface pourra fournir un courant de 
20 mA si elle est exposée 4 une lumiére 
blanche d’un éclat moyen. 
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RADIO HEATERS LTD 
Eactheath Avenue, Wokingham, Berkshire 
ELEMENT D’AFFINAGE DE SILICIUM 
(Illustration a la page 500) 
L’élément d’affinage de silicium 4 
zone flottante RADYNE a été spéciale- 
ment concu pour répondre aux besoins 
de Vindustrie des semi-conducteurs. 
L’élément peut traiter des barres de 
silicium dont les dimensions peuvent 
varier de 1 4 2,5 cm de diamétre et de 
15 & 56 cm de longueur. Le principe de 
fonctionnement consiste 4 faire passer 
la bobine le long de la barre de silicium 
pendant la rotation de cette derniére. 
L’élément est complet avec tous les 
accessoires 4 vide et l’appareillage de 
commande, et il a été prévu pour étre 
utilisé conjointement avec des généra- 
teurs haute fréquence RADYNE de 5, 
10 ou 15 kW, 450 kHz, 3 4 4 MHz. 
L’assemblage d’affinage 4 tube de 
quartz est porté par deux supports 
d’aluminium moulé. Des scellements 4 
vide sont fixés 4 l’assemblage a supports 
supérieur et inférieur. Des anneaux 
“O” sont employés entre les brides 
boulonnées. Les arbres rotatifs portent 
des scellements Wilson modifiés et les 
scellements des tubes de quartz sont 
munis de joints RADYNE en caoutchouc 
néopréne. Des tubes de quartz d’un 
diamétre intérieur allant de 20 4 40 mm 
peuvent étre logés. L’apparei]l com- 
prend aussi des mandrins réglables pour 
soutenir la barre de silicium, dont la 
vitesse de rotation peut étre modifiée de 
2 a 60 tours/minute. La barre peut étre 
actionnée A partir des deux mandrins 
ou de l'un d’eux séparément. La vitesse 
de rotation est 4 variation continue et 
elle est contrélée par un amplificateur 
Servomex. Le support supérieur 
soutenant le tube de quartz peut étre 
réglé pour recevoir des longueurs de 
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tube variant de 203 4 610 mm. On peut, 
en outre, ajuster la longueur de zone 
en cours de traitement et le mandrin 
inférieur est doté d’un déclencheur 
simple 4 pince de serrage, permettant de 
recevoir différentes longueurs de barres 
de silicium. 

EE 12754 pour plus amples renseignements 


RIVLIN INSTRUMENTS LTD 
Doman Road, Camberley, Surrey 
CONTROLEUR DE TRANSISTORS 
(Illustration a la page 501) 

Cet appareil a été prévu pour indiquer 
les changements de caractéristiques ou 
les pannes de transistors 4 jonction PNP. 
ll permet de mesurer dans des gammes 
étendues de courant et de tension, le gain 
de courant de I’émetteur a la terre, le 
courant de fuite de la base au collecteur 
dun circuit ouvert ainsi que la tension 
de renversement au collecteur. 

Toutes les lectures s’effectuent sur un 
compteur de 114 mm, ayant une aiguille 
a couteau et un cadran a miroir. 

Un compteur de 64 mm assure, en 
outre, le contréle de l’alimentation en 
basse tension du transistor en cours 
d’essai. 

La tension au collecteur peut étre 
mesurée de 0 4 20 volts, le courant au 
collecteur, de 0 a 2,5A, le gain de 
courant, de 0 4 100, et le courant de 
fruite, de 0 a 2,5 A dans six gammes. Les 
mesures de tension de renversement 
dépendent de la dissipation maximum du 
transistor en cours d’examen, mais trois 
gammes de 2,5 mV, 25 mV et 100 mV 
donnent des tensions jusqu’a 85 volts. 

La précision de la mesure du gain de 
courant et de la tension de renversement 
est de +5% et celle de la fuite de 
courant de +2%. 

L’alimentation du transistor en basse 
tension peut étre effectuée, en cing 
étapes, de 0,4 V a 19 V, avec réglage 
précis prévu a la position de 0,4 V. 

Toutes les commandes, ainsi que les 
connecteurs du _ transistor en cours 
d’essai, sont fixés sur le panneau avant. 
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ROBAND ELECTRONICS LTD 
33 Mountgrove Road, Highbury, London, N.5 
ALIMENTATION REGLEE 
(Illustration a la page 501) 

Une série compléte de blocs d’alimen- 
tation réglés transistorisés a été exposée 
au Salon. Cette série s’étendait des 
modéles 4 chassis ouvert de 25 Volts a 
1 A, aux modéles a alimentation variable 
de 0 4 30 volts 4 20 ampéres. Un spéci- 
men typique, le modéle T111, allant de 
0 a 50 V 5 A est montré dans notre 
gravure. Les avantages qu’il comporte 
comprennent la protection contre la sur- 
charge accidentelle, quatre réseaux de 
sortie terminale pour éliminer la résis- 
tance des cables d’interconnexion, et la 
protection de relais pour éviter les sur- 
tensions durant les mises en circuit. Tous 
les sous-assemblages peuvent étre pré- 
réglés pour fonctionner a _ n’importe 
quelle tension au courant nominal maxi- 
mum. 

EE 12 756 pour plus amples renseignements 
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SIEMENS EDISON SWAN LTD 

155 Charing Cross Road, London, W.C.2 
CONTROLEUR B 

(Illustration a la page 501) 

Ce simple appareil de mesure assure 
une indication rapide et directe du gain 
en courant et du courant de fuite collec- 
teur de transistors PNP dans des con- 
ditions ordinaires d’émission. 

Le gain en courant (8 ou 2’), dans 
une gamme de 10 4 150, peut étre lu 
directement sur un cadran étalonné par 
réglage jusqu’Aa ce -qu’une note audible 
cesse. Cette mesure peut étre effectuée 
a un courant coliecteur de 0,5 4 4 mA, 
le courant collecteur calé étant lu sur 
un compteur. 

Le courant de fuite est mesuré sur le 
compteur 4 une tension collectrice fixe 
de 9 volts. Un commutateur 4 bouton- 
poussoir modifie la gamme du compteur 
a 500 uA de déviation totale pour cet 
essai. 

La précision de mesure est de +5% 
ou +5mA, selon celle qui est la plus 
grande. 

L’appareil de mesure est un élément 
transistorisé fonctionnant sur batterie et 
logé dans un boitier coulé en coquille. 
Le transistor qu’on examine est relié 
au moyen de bornes 4 déclenchement 
rapide, et les deux mesures peuvent étre 
effectuées par un personnel non-entrainé 
en quelques secondes. 
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TELEFUNKEN G.m.b.H. 
Ulm /Donau, Germany 
CONTROLEUR DE TRANSISTORS 
(Illustration & la page 501) 

Le Contréleur de transistors “TELE- 
TRANS 1” est un appareil de contréle 
universel pour transistors NPN et PNP. 
Il peut effectuer cing essais statiques et 
sept mesures dynamiques 4 1 kHz pour 
différents points de fonctionnement 
réglables, toutes les mesures dynamiques 
étant effectuées dans le circuit émetteur. 

Le Contréleur comporte essentielle- 
ment un circuit 4 pont, un générateur de 
1 kHz, un indicateur de zéro (amplifi- 
cateur et élément de mesure) et un bloc 
d’alimentation secteur. 

Tous les paramétres h et y peuvent 
étre mesurés comme quantités carac- 
téristiques de courant alternatif dans le 
circuit émetteur. Les quantités carac- 
téristiques sont: la résistance d’entrée 
(sortie de court-circuit), l’amplification 
de courant, la conductance de transfert 
(entrée ouverte), la résistance de sortie 
(entrée court-circuitée), le facteur de 
transmission de la tension inverse et la 
inverse, trois 
gammes de mesure ayant été prévues 
pour chacun de ces paramétres. 

Les valeurs de mesures individuelles 
peuvent étre déterminées avec précision 
au moyen de résistances étalonnées dans 
le pont de mesure. De plus, les valeurs 
de fonctionnement peuvent étre déter- 
minées, selon les besoins, par les para- 
métres mesurés de court-circuit et cir- 
cuit-ouvert. Ceci s’effectue en utilisant 
de simples formules de _ conversion 
données dans les instructions d’emploi. 
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Les points de fonctionnement du tran- 
sistor devant étre mesuré peuvent étre 
réglés continiment entre 0 et 30 volts 
de tension collectrice et 0 et 5 mA de 
courant émetteur. Les instruments in- 
dicateurs incorporés 4 l'appareil sont 
tous munis de deux gammes de mesure, 
la commutation s’effectuant en pressant 
un bouton sur l’appareil ce qui permet 
d’obtenir un réglage précis des points de 
fonctionnement (gammes de tension de 
0 4 6 volts et de 0 a 30 volts; gammes 
de courant de 0 4 1 mA et de 0 & 5 mA), 

En plus de ces quantités caractéristi- 
ques de courant alternatif, les plus im- 
portantes mesures de contréle de courant 
continu peuvent étre effectuées aux jonc- 
tions collectrices des transistors. On peut 
ainsi contréler le courant de coupure 
collecteur lco, 1‘co’, 1 ck, le courant de 
coupure émetteur 1 eo et la tension de 
rupture connexe dans la mesure ov ils 
sont compris dans la gamme entre 0 et 
30 volts. Enfin, la tension continue de 
base peut étre lue sur J’indicateur de 
zéro pour le point de fonctionnement 
correspondant. II est important de con- 
naitre la tension continue de base afin 
de pouvoir, par exemple, stabiliser le 
transistor dans le circuit. 

EE 12 758 pour plus amples renseignements 


TRANSITRON ELECTRONIC COR- 
PORATION 
168-182 Albion — Massachussetts, 
Représentée par: G. E. Industrial Suonlies Lid., 
357 Euston Road, London, N.W.1 
REDRESSEURS CONTROLES AU SILICIUM 
(Illustration @ la page 501) 

Ces redresseurs contrélés au silicium 
sont des dispositifs de commutation 
PNPN ayant des caractéristiques de 
courant allant jusqu’A 10A a une tem- 
pérature de boitier de 100°C et des 
caractéristiques de. tension inverse de 
créte allant de 50 4 400 volts. 

Dans la limite de leur puissance, les 
redresseurs controlés Transitron peuvent 
étre utilisés pour remplacer des thyra- 
trons, ignitrons, commutateurs, relais, 
transistors de puissance, amplificateurs 
magnétiques et contacteurs. 

Ces redresseurs sont montés sur une 
base hexagonale standard de 17,46 mm 
qui permet un montage facile en ne per- 
cant qu’un seul trou. 

EE 12 759 pour plus amples renseignements 


VENNER ELECTRONICS LTD 
Kingston-By-Pass, New Malden, Surrey 
CONVERTISSEUR ARITHMETIQUE DE MEGA- 

CYCLES 
(Illustration a la page 502) 

Ce bloc additionnel a été prévu pour 
l'emploi avec les fréquencemétres Ven- 
ner, Type TSA3 et Type TSAS3. Il 
permet d’effectuer des mesures jusqu’a 
une fréquence de 1 mégacycle avec des 
instruments de 100 kHz ou jusqu’a 500 
kHz avec des instruments de 50 kHz. 
Le convertisseur peut également étre 
employé avec des_ fréquencemétres 
d'autres marques, mais les utilisateurs 
devront s’assurer, avant de commander 
le convertisseur, qu'il s’adapte a leur 
appareil. 
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Le convertisseur comprend principale- 
ment un diviseur de mégacycles 4 tran- 
sistors démultiplicateurs de rapport 10/1, 
précédé d’un “facgonneur” d’impulsions 
de mégacycles et d’un étage suiveur 
d’émetteur présentant une impédance 
d’entrée élevée au signal. Il comporte 
également un atténuateur d’entrée et une 
alimentation secteur bien stabilisée. 

Pour l'emploi de Tappareil, il faut 
relier sa sortie 4 la prise d’entrée du fré- 
quencemétre qui doit étre réglé pour la 
mesure de fréquence. L’atténuateur 
d’entrée doit étre réglé a la. sensibilité 
maximum. Le signal devant étre 
mesuré doit alimenter la prise d’entrée 
coaxiale du convertisseur et l’atténua- 
teur d’entrée du convertisseur devra 
étre ajusté de fagon appropriée. 

Si on emploie un déclenchement 
périodique d’une seconde, I’indication 
donnée par le fréquencemétre sera mul- 
tipliée par un facteur de di— pour don- 
ner une réponse en cycles par seconde. 
Le sixitme chiffre significatif ne sera pas 
indiqué mais pourra alors étre obtenu en 
employant un déclenchement périodique 
de 10 secondes. Ainsi, par exemple, une 
fréquence de 962 115 Hz apparaitra 
comme 96 211 avec le déclenchement de 
1 seconde ou comme 62 115 avec celui 
de 10 secondes. 
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WAYNE KERR LABORATORIES 
LTD 
Roebuck Road, Chessington, Surrey 
ADAPTATEURS DE TRANSISTORS 
(Illustration a la page 502) 

La série Q601 d’adaptateurs de tran- 
sistors a été prévue pour mesurer les 
paramétres de transistors dans des con- 
ditions de petits signaux dans une 
gamme de fréquences de 15 kHz a 5 
MHz. Ces adaptateurs sont employés 
avec le pont haute fréquence Wayne 
Kerr type B601 ainsi qu’avec une source 
de signaux et un détecteur appropriés. 

Deux séries d’adaptateurs ont été con- 
cues, soit une série pour les transistors 
PNP et Tlautre pour les _ transistors 
NPN. Les paramétres pouvant étre 
mesurés sont comme suit: 

Y,,’, admission d’entrée dans la con- 
figuration d’émetteur 4 la masse, avec la 
sortie court-circuitée. 

Y,,’, ’'admission d’entrée dans la con- 
figuration de base a la masse, avec la 
sortie court-circuitée. 

Y.., ’'admission de sortie dans la con- 
figuration de base a la masse, avec 








entrée court-circuitée. a, le gain en 

courant dans la configuration de base a 

la masse, avec la sortie court-circuitée. 
Y,,, l'admission de transfert dans la 

configuration d’émetteur 4 la masse, 

avec la sortie court-circuitée. 
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WESTINGHOUSE BRAKE & SIGNAL 
co. LTD 

82 York Way, King’s Cross, London N.1 
DISPOSITIFS DE COMMUTATION 

(Illustration a la page 502) — 

Le commutateur Dynistor est un dis- 
positif au germanium pnpn_ multi- 
couches ayant une caractéristique de ten- 
sion de commutation qui lui permet de 
passer d’un état de haute résistance 
(arrét) 4 un état de faible résistance (con- 
ductrice) dans une fraction de micro- 
seconde. La durée de commutation est 
considérablement plus réduite que celle 
de transistors de commutation d’une 
puissance comparable. 

La commutation peut étre effectuée 
par une impulsion de déclenchement de 
courte durée, d’une force suffisante pour 
élever la tension du Dynistor au-dessus 
du niveau de commutation. Cette im- 
pulsion de déclenchement peut étre 
d’une durée inférieure 4 une micro- 
seconde. 

Durant le fonctionnement, la tension 
de circuit traversant le Dynistor est 
maintenue au-dessous de la tension mini- 
mum de sa catégorie, et on emploie une 
impulsion de déclenchement d’une force 
suffisante pour élever la tension au- 
dessus de la tension maximum de cette 
catégorie. Par exemple, le type DG 11 
doit étre employé Aa une tension de 
fonctionnement de moins de 50 volts et 
une impulsion de déclenchement suffi- 
sante pour élever la tension au-dessus de 
75 volts serait requise. 

Pour mettre le Dynistor hors circuit, 
il faut baisser le courant au-dessous 
d’une valeur minimum appelée courant 
d’entretien, qui est de l’ordre de 20 a 
50 mA. 

Si la polarité de l’alimentation est in- 
versée, le Dynistor présentera toujours 
une faible résistance, due 4 l’absence de 
caractéristiques de commutation dans 
cette direction par suite de la structure 
pnpn. 

Le Trinistor Westinghouse est un com- 
mutateur multi-jonctions au silicium, a 
trois bornes, dont la tension de commu- 
tation peut étre commandée par le 
courant de base. Du point de vue élec- 





trique, il est semblable 4 une diode re- 
dresseuse au silicium de grande puissance 
a laquelle on a ajouté une troisitme 
électrode (de commande). Dans la direc- 
tion avant (conductrice) et en l’absence 
de signal d’entrée vers la borne de base 
(commande), le Trinistor arrétera la 
tension jusqu’A sa pleine valeur nomi- 
nale et ne commutera dans un état con- 
ducteur que si la tension de commuta- 
tion nominale est dépassée. 

Si la base est rendue positive par rap- 
port 4 la cathode, la tension de commu- 
tation sera progressivement réduite avec 
l’entrainement basique croissant et tom- 
bera 4 quelques volts avec un entraine- 
ment de base d’environ 2 4 5 volts pour 
25 4 150 mA. Le plein courant avant 
pourra circuler alors, avec une chute de 
tension avant similaire 4 celle d’une 
diode au silicium normale. Toutefois, 
dés que le courant avant a commencé & 
circuler, l’entrainement de la base pourra 
étre interrompu, si l’on veut, puisque (en 
dehors de certaines circonstances spéci- 
ales), la base n’a plus aucun effet sur 
les caractéristiques. 

Pour mettre le Trinistor hors de cir- 
cuit, il est en général nécessaire de ré- 
duire le courant 4 un niveau inférieur 4 
une certaine valeur minimum appelée 
courant d’entretien, quoiqu’on puisse 
effectuer la mise hors de circuit 4 de 
faibles courants par un signal de com- 
mande de la base. 

Dans la direction inverse, la carac- 
téristique est analogue a celle d’une diode 
de silictum normale, pouvant arréter la 
tension jusqu’A sa pleine valeur nomi- 
nale. On ne peut effectuer de commu- 
tation ou de commande dans cette direc- 
tion, et la tension inverse nominale ne 
devra pas étre dépassée. 

Une gamme de trahsistors npn au 
silicium et a fusibles,. de grande puis- 
sance, est également livrable. Ces tran- 
sistors sont prévus pour la commutation 
de grande puissance et les applications 
amplificatrices. Ils se caractérisent par 
une trés basse résistance de saturation 
ce qui, ajouté aux valeurs existantes de 
tension et de courant, permet d’effectuer 
des commutations de grande puissance 
avec un minimum de pertes. Enfin, ils 
sont enfermés dans des étuis en acier 
inoxydable pour le montage sur une 
source froide extérieure au moyen d’un 
goujon de cuivre, et s’obtiennent en 
modéles A 2A et SA avec Vee (max.) 
jusqu’aé 300 volts. 

EE 12 762 pour plus amples renseignements 





mar 


Résumés des Principaux Articles  * 


Un récepteur d’intérieur 4 modulation de fréquence utilisant des transistors mésa-4 base diffuse 


E. Midgley 


Résumé de I’article 
aux pages 448 d 453 


Un dispositif analogique pour les problémes de flux de chaleur dans les semi-conducteurs 
Dans les problémes de protection des semi-conducteurs, il est nécessaire de pouvoir évaluer la 
température de leurs jonctions. 
Cet article montre la similitude entre le flux de courant dans un réseau résistance-capacité et 


Résumé de I’ article 
aux pages 454 dG 457 
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a 
par M. Applebaum et 


Cet article traite briévement des caractéristiques du transistor mésa a base diffuse et décrit son 
emploi dans les étages haute fréquence et moyenne fréquence d'un récepteur d’intérieur a modulation 
de fréquence. Les auteurs donnent aussi des détails du rendement du récepteur complet. 


par N. L. Potter 
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indique, partant, la théorie servant de base a la construction d’un dispositif analogique pour 
l’observation de la température des jonctions. 

La gravure montre un “‘analogue”’ type, avec les images oscillographiques qu’on en obtient. 
L’auteur suggére d’autres usages de l'appareil et envisage la possibilité de travaux a trois dimensions, 


Un filtre passe-bande basse fréquence 4 plusieurs gammes par J. B. Bratt 


Le filtre passe-bande décrit dans cet article a été congu comme un élément de circuit de contréle 
d’ amplitude utilisé dans des appareils prévus pour les recherches dans le domaine de l’aérodynamique 
instable. La gamme de fréquences du filtre va de 16 4 175 Hz et s’étend sur neuf bandes, le rapport 
entre la fréquence supérieure et inférieure de chaque passe-bande étant de 1,38. La base du circuit 
du filtre est un amplificateur a lampes a sélection de fréquence, modifié pour donner une sortie zéro 
aux fréquences 0 et 100. Avec deux de ces amplificateurs en cascade, la réponse dans le passe-bande 
est horizontale jusqu’a +-5% et l’atténuation du troisitme harmonique de la limite de fréquence 
inférieure est de 33 fois. L’emploi d’un réseau a rétroaction spécial dans les amplificateurs permet 
d’effectuer un changement de bande passante en commutant deux condensateurs dans chaque réseau, 


Résumé de |’ article 
aux pages 458 d 462 


Un amplificateur logarithmique de tension par R. F. Mathams 

Cet article décrit un circuit qui recoit une tension d’entrée d’une source d’énergie et produit une 
sortie proportionnelle au logarithme de la tension d’entrée sur une gamme d’ entrées de 0,1 Va 100V 
ou davantage. La tension d’entrée est interrompue par un relais vibrant et differenciée. Le temps 
mis par les impulsions exponentielles qui en résultent pour décroitre a une tension de référence est 
proportionnel au logarithme de la tension d’ entrée. 


Résumé de |’ article 
aux pages 463 d 465 


Une montre électronique a modulateur pour radiophares 4 occultations codées par J. W. Nichols, A. C. MacKellar et 
A. J. B. Baty 


Cer article décrit une montre pilotée par quartz avec modulateur électronique produisant des signaux 
codés pour radiophares de marine, conformément aux prescriptions des Accords Internationaux de 
Paris, et réglant également, avec un haut degré de précision, le moment de I’émission. Elle peut étre 
commandée a la main ou @ distance et elle est munie d’un systéme avertisseur de défauts pour le 
contréle du minutage et du codage. 


Résumé de I’ article 
aux pages 466 d 474 


L’étude d’alimentations c.c. stabilisées par triodes a gaz par B. G. Higdon et M. E. Bond 


Le redresseur @ gaz, a grilles commandees, est, en général préférable au stabilisateur du genre a 
tube a vide, pour l’alimentation h.t. stabilisée a un courant supérieur a environ 0,5A c.c. 
Résumé de |’article Les auteurs de cet article traitent en détail du mode de construction des stabilisateurs du type a@ 
aux pages 475 a 479 triodes a gaz et des pieces qui en font partie. Ils décrivent un stabilisateur de conception simple, ainsi 
qu’un modéle plus compliqué, incorporant un amplificateur a réaction, et ils concluent par des données 
de performances. 


Oscillateur surcouplé 4 transistor, 4 usage des systémes arithmétiques par Agnes A. Kaposi 


Un transformateur saturable est utilisé dans un circuit @ oscillateur surcouplé. L’auteur démontre 
que la durée de l’impulsion ne dépend pas des paramétres du transistor, de la température et du 
courant de charge. Des circuits pratiques ont été réalisés dont la durée d’impulsion s’étend a partir 
de 1,5 microsecondes. Ces circuits conviennent particuliérement au fonctionnement des compteurs 
a noyaux magnétiques. 


Résumé de !’article 
aux pages 480 d 484 


La théorie des circuits couplés 4 large bande par W. Dougharty 


Cet article donne les formules exactes d’admission de transfert pour divers types de circuits 
couplés a accord paralléle. Il n’y a pas d’indications approximatives, pas plus que des limites a 
la largeur de bande. De ces formules découlent des expressions pour des caractéristiques telles que 
la séparation de créte, le rapport de créte a creux, etc. qui sont suffisamment précises pour des largeurs 

Résumé de l'article de bande approchant la valeur de la fréquence nominale. 
aux pages 488 d 494 L’ auteur indique également des formules de réponse de phase pour divers types de couplages. 

Il démontre qu’avec un certain degré de couplage inductif, on obtient un circuit ayant non seulement 
une bonne réponse de phase mais aussi une courbe de réponse indiquant un degré remarquable de 
symétrie avec la déviation de fréquence. 

L’article ne traite que des cas de circuits synchrones et a facteurs de dissipation égaux. 
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Beschreibung einer weiteren Auswahl der auf der Internationalen Transistor Ausstellung 
gezeigten Geriite, die auf Grund der von Herstellern gemachten Angaben zusammengestellt 


DEPENDABLE RELAY CO. LTD 
8a Ainger Road, London, N.W.3 
MINIATUR-SCHNELLZAHLGERAT 
(Abbildung Seite 500) 

In Normalausfiihrung zahlit dieser 
Miniatur-Schnellzihler bis zu 1500 
Impulse/min. Er ist komplett im Gehause 
mit Anschluss fiir eine Fotozelle oder 
héchstempfindliche Fiihler, wie z.B. 
Drehspulrelais. Durch einen Schalter 
kann der Betrieb auf die Fotozelle, 
normalerweise offene, oder normalerweise 
geschlossene Kontakte umgestellt werden. 
Die erforderliche Kontakt-Héchstbe- 
lastung ist nur 500 wA. Das fiir 
Wechselstrom oder Batteriebetrieb liefer- 
bare Gerit hat Aussenabmessungen von 
127 x 102 x 64mm. Auf Wunsch auch 
als Abzahlgerit und mit elektrischer 
Nullstellung, sowie als Sonderausfiihrung 
fiir Zahlgeschwindigkeiten bis zu 3000 
Impulse/min lieferbar. 


EE 12751 fiir weitere Einzelheiten 


FERRANTI LTD 
Hollinwood, Manchester, Lancashire 

SILIZIUM TRANSISTOREN 

Allgemeine Entwicklungsarbeiten an 
Silizium-Transistoren mit Schaltge- 
schwindigkeiten zwischen 50 und 100 
MHz sind im Gange, wobei Festkérper- 
Diffusionsmethoden fiir die Fertigung 
Anwendung finden. Sowohl die Basis, als 
auch der Emitter werden durch Diffusion 
in ein Siliziumplattchen hergestellt, das 
selbst als Kollektorelektrode dient. Im 
Augenblick werden diese Transistoren 
nur in, kleinen Mengen hergestellt. Die 
Wythenshawe Laboratorien arbeiten auch 
an legierten Flachentransistoren fiir 
Frequenzen bis 10 MHz, die besonders 
fiir hohe Schaltgeschwindigkeiten 
geeignet sind. Voraussichtlich werden 
beide Typen Ende des Jahres aus laufen- 
der Produktion lieferbar sein. Ferranti 
Ltd hat bekannt gegeben, dass sie sich auf 
Legier- und Diffusions-Silizium-Transis- 
toren fiir militaérische und industrielle 
Zwecke konzentrieren wird, fiir die Ger- 
manium-Transistoren der hohen Tempe- 
Tatur wegen nicht in Frage kommen. 

Entwicklungsarbeiten an para- 
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wurde. 


metrischen Dioden fiir HF Verwendung 
werden durchgefiihrt. Besonders gute 
Fortschritte wurden fiir Dioden mit vier 
Schichten erzielt, die schon in Piloten- 
produktion sind. Diese pnpn-Diode ist 
als Schaltvorrichtung fiir Rechner und 
Impulsschaltungen gedacht. Im Grunde 
genommen ist es eine Halbleiter-Aus- 
fiihrung, die der Gasentladungsréhre 
entspricht. Die Ziindspannungen liegen 
zwischen 80 und 120 V und die ,,an”- 
Impedanz betrigt wenige Ohm. Der 
Betriebsstrombereich liegt zwischen 1 
und 50 mA. Die Abmessungen sind fast 
dieselben wie die der ZS 10 Diodenreihe. 


EE 12 752 fiir weitere Einzelheiten 


SILIZIUM-SONNEN-ZELLEN 


Eine andere interessante Vorrichtung 
ist die nach dem Diffusionsprinzip herge- 
stellte fotoelektrische Silizium-Sonnen- 
Zelle, die die Energie der Sonne oder 
einer elektrischen Gliihlampe in elek- 
trische Energie umwandelt. Die An- 
sprechzeit betrigt wenige usec, und die 
Zelle kann ohne Beeintrachtigung in 
hoher' Temperatur und _ Feuchtigkeit 
arbeiten. 

Unter diesen Bedingungen wird das 
auf die  Silizium-Fotozelle fallende 
Licht eine TemperaturerhGhung in der 
Zelle hervorrufen; gliicklicherweise 
arbeitet die Siliziumzelle bei hohen 
Temperaturen ohne Schaden und mit 
sehr geringer Beeintrichtigung der Aus- 
gangsspannung. Belastung der Zelle 
durch einen Aussenwiderstand _ ruft 
eine geringe Temperatursenkung durch 
Energieiibertragung hervor. Ein Wir- 
kungsgrad von iiber 11% kann fiir die 
Leistungsumwandlung mit diesen Zellen 
erreicht werden. 

Die Zellen kénnen in verschiedenen 
Formen und Gréssen geliefert werden, 
haben jedoch eine Héchstfliche von 12,9 
cm?’ fiir die Einzelzelle. Sie kénnen in 
Serien-, Parallel-, oder Serien-Parallel- 
schaltung Verwendung finden, um héhere 
Spannungen und Stromstiarken zu errei- 
chen. 

Wesentliche Stromstaérken kénnen von 
Sonnenzellen abgegeben werden. Weisses 
Licht mittelmassiger Starke kann z.B. 
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(Ubersetzung der Seiten 500 bis 503) 


auf einer Flache von 6 cm’ einen 20 mA 
Strom hervorrufen. 
EE 12753 fiir weitere Einzelheiten 


RADIO HEATERS LTD 

Eastheath Avenue, Wokingham, Berkshire 
SILIZIUM- V EREDELUNGSANLAGE 

(Abbildung Seite 500) 

Die Radyne Silizium-Veredelungsan- 
lage mit ,.gleitender Zone” wurde 
besonders entwickelt, um den Forde- 
rungen der Halbleiterindustrie gerecht zu 
werden. 

Die Anlage kann Siliziumstangen von 
25,5 bis 63.5 mm Durchmesser und 150 
bis 560 mm Linge verarbeiten. Im 
Arbeitsablauf wird die Spule iiber die 
sich drehende Siliziumstange vorgescho- 
ben. Zur Anlage gehéren auch alle 
notwendigen Vakuumvorrichtungen und 
Steuerorgane. Sie ist fiir Betrieb mit 
Radyne HF-Generatoren fiir 5, 10 oder 
15 kW konstruiert, die auf 450 kHz, 3 
oder 4 MHz arbeiten. 

Die Quartzréhre der Veredelungsein- 
heit wird zwischen zwei schweren Armen 
aus Aluminiumguss gehalten und liegt 
vakuumdicht im oberen und unteren 
Arm. Verwandt werden O-Ringe zwi- 
schen verschraubten Flanschen, abgean- 
derte Wilson-Dichtungen fiir die sich 
drehenden Spindeln und eine Radyne 
Neopren-Klemmdichtung zum Abdichten 
der Quartzréhre. Quartzréhren mit 
Innendurchmessern von 20 bis 40 mm 
kénnen Verwendung finden. Die in ein- 
stellbaren Futtern gehaltene Silizium- 
stange lauft mit 2 und 60 U/min, wobei 
der Antrieb gleichzeitig durch beide 
Futter, oder unabhingig durch eines 
der beiden erfolgen kann. Die Umdre- 
hungsgeschwindigkeit ist kontinuierlich 
einstellbar und wird durch einen Servo- 
verstirker geregelt. Die verinderliche 
Hohe des oberen Armes erméglicht das 
Einsetzen von Quartzréhren mit 203 bis 
610 mm Lange. Die Dicke der Verede- 
lungszone kann wiahrend des Arbeits- 
ablaufes geindert werden. Das untere 
Futter hat ~eine einfache Spannzangen- 
vorrichtung, um _ verschieden lange 
Siliziumstangen aufnehmen zu k6énnen. 

EE 12 754 fiir weitere Einzelheiten 
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RIVLIN INSTRUMENTS LTD 


Doman Road, Camberley, Surrey 
TRANSISTOR-TESTER 
(Abbildung Seite 501) 

Das Gerat zeigt Kenngréssenabwei- 
chungen und das Versagen von pnp 
Flachentransistoren an. Folgende Mes- 
sungen k6énnen fiir grosse Strom- und 
Spannungsbereiche durchgefiirt werden: 
Stromverstirkung in Emitterschaltung, 
Kollektorreststrom in offener Schaltung 
und Kollektor-Durchbruchsspannung. 

Ablesungen erfolgen auf einem 114 mm 
Messgerat mit Messerzeiger und Spiegel. 

Niederspannungen fiir den Transistor- 
Priifling werden mit Hilfe eines 64 mm 
Voltmeters iiberwacht. 

Die Koliektorspannung kann von 0- 
20 V, der Kollektorstrom von 0-2,5 A, 
Stromverstirkung von 0-100 und der 
Kollektorreststrom von 0-2,5 A in sechs 
Bereichen gemessen werden. Das Messen 
der Durchbruchsspannung hingt von der 
Hochstveriustleistung des  Transistor- 
Priiflings ab, aber drei 2,5, 25 und 
100 mV Bereiche ergeben Spannungen 
bis zu 85 V. 

Die Messgenauigkeit liegt innerhalb 
+5% fiir Stromverstirkung und Durch- 
bruchsspannung, innerhalb +2% fiir 
Reststrom. 

Niederspannungen fiir den Transistor 
sind in fiinf Stufen von 0,4 bis 19 V, mit 
Feinregulierung fiir die 0,4 V_ Stellung, 
variabel. 

Alle Bedienungsknépfe und -klemmen 
fiir den Transistor-Priifling sind auf der 
Frontplatte angebracht. 

EE 12 755 fiir weitere Einzelheiten 


ROBAND ELECTRONICS LTD 
33 Mountgrove Road, Highbury, London N.5 
(Abbildung Seite 501) 
STABILISIERTE NETZGERATE 
Eine komplette Serie transistoren- 
stabilisierter Netzgerite als Einbau- 
chassis von 25 V max bei 1 A bis zu 
variablen Leistungen von 0-30 V bei 2 A 
wurde ausgestellt. Die Abbildung zeigt 
ales typisches Beispiel den T 111, der bei 
0-50V SA abgibt. Unter anderem wer- 
den folgende Vorteile genannt: Ausrei- 
chender Schutz gegen zufillige Uberla- 
stung, ein Ausgangsvierpol, um den 
Widerstand der Verbindungsschniire aus- 
zuschalten, und ein Schutzrelais zur Ver- 
meidung von Stromstéssen wihrend des 
Einschaltens. Alle Bausteine kénnen 
fiir jede Spannung bis zur Spitzennenn- 
spannung eingestellt werden. 
EE 12 756 fiir weitere Einzelheiten 


SIEMENS EDISON SWAN LTD 
155 Charing Cross Road, London W.C.2 
BeTaA-TESTER 
(Abbildung Seite 501) 

Dieses einfache Priifgerait gibt eine 
schnelle und direkte Anzeige fiir Strom- 
verstarkung und _  Kollektor-Reststrom 
von pnp Transistoren in Emitter-Schal- 
tung. 

B und 2’ Stromverstirkungen von 10 
bis 150 kénnen von einer geeichten 
Skala abgelesen werden, die eingeregelt 
wird, bis ein abgegebener Ton gerade 
nicht mehr hérbar ist. Diese Messungen 
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kénnen fiir Kollektorstromstirken von 
0,5 bis 4mA durchgefiihrt werden, wobei 
der Kollektorstromwert auf einem 
Messer abgelesen werden kann. 

Der Reststrom wird fiir eine festste- 
hende 9V Kollektorspannung gemessen 
und am Messer abgelesen. Eine Druck- 
taste dndert den Messbereich zu 500 wA, 
aber nur fiir diese Priifung. 

Die Messgenauigkeit ist + 5% oder 
+ 5, wobei immer die gréssere Toleranz 
giiltig ist. 

Das batteriegespeiste Gerit ist mit 
Transistoren bestiickt und wird in einem 
robusten Spritzgussgehduse geliefert. Der 
zu messende Transistor wird mittels 
schnelltrennender Klemmen angeschlos- 
sen, und beide Priifungen kénnen von 
ungelerntem Personal innerhalb weniger 
Sekunden ausgefiihrt werden. 

EE 12757 fiir weitere Einzelheiten 


TELEFUNKEN G.m.b.H. 
Uim/Donau, Germany 
TRANSISTOR-TESTER 
(Abbildung Seite 501) 

Der als ,,Teletrons I” bekannte Tran- 
sistor Tester ist ein Mehrzweck-Mess- 
gerat fiir npn und pnp Transistoren. 
Fiinf statische Tests werden vorgenom- 
men und sieben dynamische Messungen 
an verschiedenen, einstellbaren Arbeits- 
punkten bei 1kHz ausgefiihrt; alle dyna- 
mischen Messungen erfolgen in Emitter- 
schaltung. 

Der Tester besteht hauptsichlich aus 
einer Briickenschaltung, einem 1kHz 
Oszillator, einem Nullpunktanzeiger 
(Verstarker und Messer) und einem Netz- 
gerat. 

Alle ,,h” und ,,y” Parameter werden 
als Wechselstrom-Kenndaten in Emitter- 
schaltung gemessen. Die Kenndaten sind: 


Eingangswiderstand (Ausgang  kurzge- 
schlossen), Stromverstairkung, Steilheit, 
Ausgangswiderstand (Eingang kurzge- 


schlossen), Spannungsriickwirkung und 
Riickwirkungsleitwert. Fiir jeden dieser 
Parameter sind drei Messbereiche vorge- 
sehen. 

Mit Hilfe geeichter Widerstinde in 
der Messbriicke ist eine genaue Bestim- 
mung der einzelnen Messwerte méglich 
Weiterhin kénnen mit Hilfe der gemes- 
senen ,,Kurzschluss” und _ ,,offenen” 
Parameter Arbeitspunkte bestimmt wer- 
den, falls es wiinschenswert ist. Das 
geschieht durch Anwendung einfacher 
Umwandlungsformeln, die in der Ge- 
brauchsanweisung enthalten sind. 

Die Arbeitspunkte fiir den Transistor- 
Priifling konnen kontinuierlich einge- 
stellt werden und zwar zwischen 0 und 
30 V fiir die Kollektorspannung und 0 
bis S5mA fiir den Emitterstrom. Jedes 
der einzelnen Anzeigegerite hat zwei 
Messbereiche, die durch  Betatigung 
einer Drucktaste am Instrument umge- 
schaltet werden kénnen und die genaue 
Einstellung der Arbeitspunkte ermég- 
lichen. (Spannungsbereiche 0 - 6V und 
0 - 30V, Strombereiche 0 - ImA und 


0-5 mA.) 
Ausser diesen Wechselstrom-Kenn- 
daten k6énnen auch die wichtigsten 


Gleichstrompriifungen an Flachentran- 
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sistoren vorgenommen werden. Dazu 
gehéren Messungen des Kollektorrest- 
stromes Ico, Ico’, Ick und des Emitter- 
reststromes Jeo und der damit zusam- 
menhingenden Durchschlagsspanungen, 
soweit sie im Bereich 0-30V_liegen. 
Schliesslich kann die Basisgleichspannung 
fiir den betreffenden Arbeitspunkt am 
Nullanzeiger abgelesen werden. Kennt- 
nis der Basisgleichspannung ist z.B. fiir 
die Stabilisierung des Transistors im 
Schaltkreis wichtig. 

F EE !2 758 fiir weitere Einzelheiten 


TRANSITRON ELECTRONIC 
CORPORATION 


168-182 Albion Street, Wakefield, Massachusetts, 
U.S.A. Represented by: G.E. Industrial Supplies 
Ltd, 357 Euston Road, London N.W.1 


GES1EUERTE SILIZIUM-GLEICHRICHTER ... 
(Abbildung Seite 501) 

Diese gesteuerten Silizium-Gleichrich- 
ter sind pnpn_ Leistungsschaltelemente 
und haben Nennstromwerte bis zu 10A 
bei einer Gehaiusetemperatur von 100°C 
und Spitzensperrspannungen zwischen 50 
und 400V. 

Gesteuerte Transitron Gleichrichter 
koénnen innerhalb ihrer Nennleistung 
Thyratrons, Ignitrons, Schalter, Relais, 
Leistungstransistoren, magnetische Ver- 
stirker und Kontaktgeber ersetzen. 

Die Gleichrichter werden mit einer 
genormten, sechseckigen Basis _ gelie- 
fert, die die Montage erleichtert, da nur 
ein Loch gebohrt zu werden braucht. 

EE 12 759 fiir weitere Einzelheiten 


VENNER ELECTRONICS LTD 


Kingston-By-Pass, New Malden, Surrey 


MHz-DiGIrALWANDLER 


(Abbildung Seite 502) 

Dieser Zusatzbaustein wurde fiir Ver- 
wendung mit den Frequenzmetern TSA 3 
und TSA 53 entwickelt. Mit seiner 
Hilfe kénnen Messungen bis 1 MHz auf 
100 kHz-Geraten durchgefiihrt werden. 
Der Wandler kann mit Frequenzmetern 
anderer Hersteller eingesetzt werden, vor 
der Bestellung muss aber bestatigt wer- 
den, dass er fiir das vorhandene Gerat 
geeignet ist. 

Der Wandler besteht hauptsichlich aus 
einem MHz-Transistor-Untersetzer Mass- 
stab 10: 1, dem ein MHz-Impulsformer 
und eine Emitter-Verstairkerstufe voraus- 
gehen, die fiir das Signal einen hohen 
Eingangsscheinwiderstand bilden. Ein 
Eingangsdampfungsglied und ein gut 
stabilisiertes Netzgerit sind eingebaut. 

In Gebrauch wird der Wandleraus- 
gang mit dem Frequenzmetereingang 
verbunden und das Frequenzmeter wie 
iiblich fiir Frequenzmessung eingestellt. 
Der Eingangsdimpfer wird auf héchste 
Empfindlichkeit gestellt. Das zu messende 
Signal wird der koaxialen Eingangs- 
buchse des Wandlers zugeleitet und der 
Eingangsdimpfer des Wandlers_ ent- 
sprechend angepasst. 

Um die Antwort bei 1 sec Austastzeit 
in kHz zu erhalten, muss die vom 
Frequenzmeter angezeigte Zahl mit zehn 
multipliziert werden. Die sechste geltende 
Zahl wird nicht angezeigt, kann aber 
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durch Umschalten der Austastzeit zu 10 
sec sichtbar gemacht werden. Die Fre- 
quenz 962115 Hz wiirde z.B. mit 1 sec 
Austastzeit als 96211 und mit 10 sec 
Austastzeit als 62115 erscheinen. 

EE 12 760 fiir weitere Einzelheiten 


WAYNE KERR LABORATORIES 
LTD 
Roebuck Road, Chessington, Surrey 
TRANSISTOR MESSZUSATZ 
(Abbildung Seite 502) 

Transistor Messzusétze der Reihen 
Q 601 sind zum Messen von Transistor- 
parametern mit kleinen Signalen iiber 
den Frequenzbereich 15kHz bis 5MHz 
bestimmt. Sie werden mit der Wayne 
Kerr HF-Briicke B601, einer geeigneten 
Signalquelle und einem Anzeigegerdt 
eingesetzt. 

Zwei Zusatzreihen wurden entwickelt: 
eine fiir pnp Transistoren, die andere 
fir npn Transistoren. Folgende Para- 
meter kémnen gemessen werden: 

Yu’, der Eingangsleitwert in Emitter- 
Schaltung mit kurzgeschlossenem Aus- 
gang. 

Yu, der Eingangsleitwert in  Basis- 
Schaltung mit kurzgeschlossenem Aus- 
gang. 

Yx, der Ausgangsleitwert in Basis- 
Schaltung mit kurzgeschlossenem Ein- 
gang 
a, die Stromverstarkung in Basis-Schal- 
tung mit kurzgeschlossenem Ausgang. 

Yu’, Steilheit in Basis-Schaltung mit 
kurzgeschlossenem Eingang. 

EE 12 76! fiir weitere Einzelheiten 


WESTINGHOUSE BRAKE & SIGNAL 
co. LTD 

82 York Way, King’s Cross, London N.1 

SCHALTELEMENTE 
(Abbildung Seite 502) 

Der Dynistor Schalter ist ein mehr- 
schichtiges pnpn Germaniumelement mit 
einer Uberschlagspannungs - Kennlinie, 


die es erméglicht, innerhalb eines Bruch- 
teiles einer Mikrosekunde vom _ hoch- 
ohmigen Sperrzustand zum niederohmi- 
gen Durchlasszustand umzuschalten. Die 
Schaltzeit ist bedeutend kiirzer, als die 
mit Schalttransistoren gleicher Leistung 
erzielbare. 

Der Uberschlag kann durch einen 
kurzen Triggerimpuls eingeleitet werden, 
der ausreichend genug bemessen sein 
muss, um die Dynistor Spannung tiber 
den Uberschlagpegel zu bringen. Dieser 
Triggerimpuls kann kiirzer als 1 Mikro- 
sekunde sein. 

In Praxis wird die in der Schaltung 
an den Dynistor angelegte Spannung 
kleiner gehalten, als die fiir diese Type 
angegebene untere Spannung, und der 
Triggerimpuls muss gross genug sein, 
um die Spannung iiber die obere Span- 
nung fiir diese Type zu btringen Sollte 
z.B. Type DG 11 mit einer Betriebs- 
spannung unter 50V benutzt werden, 
so muss der Triggerimpuls geniigend 
gross sein, um die Spannung auf iiber 
75V zu bringen. 

Der Dynistor wird durch Herabset- 
zung des Stromes abgeschaltet. Der 
Strom muss geniigend reduziert werden, 
um unter dem als Dauerstrom bekannten 
Mindestwert zu liegen, dessen Grdéssen- 
ordnung zwischen 20 und 50 mA liegt. 
Bei Umpolung der Spannung liefert der 
Dynistor immer einen sehr geringen 
Widerstand, da auf Grund der pnpn 
Ausbildung in dieser Richtung keine 
Uberschlagcharakteristik besteht. 

Der Westinghouse Trinsistor ist ein 
Silizium-Mehrflachen-npnp-Schalter mit 
drei Anschliissen, dessen Uberschlag- 
spannung durch den Basisstrom gesteuert 
werden kann. Elektrisch ist er einem 
Silizium-Hochleistungsgleichrichter ahn- 
lich, dem eine dritte (Steuer-) Elektrode 
zugefiigt wurde. Ohne Ejingangssignal 
am Basis-(Steuer)-Anschluss wird der 
Transistor in Durchlassrichtung bis zur 


vollen Nennspannung sperren und nur 
iiberschlagen, wenn die Uberschlag- 
spannung iiberschritten wird. 

Wenn die Basis gegeniiber der 
Kathode positiv gemacht wird, wird die 
Uberschlagspannung fortschreitend her- 
abgesetzt. Wenn die Basis mit 2-5V bei 
25-150 mA getrieben wird, fallt sie auf 
wenige Volt. In diesem Zustand kann der 
volle Durchflussstrom fliessen, und der 
Durchflussspannungsabfall ist dann dem 
einer iiblichen Siliziumdiode Ahnlich. 
Wenn es wiinschenswert erscheint, kann 
der Basistrieb abgeschaltet werden, so- 
bald der Durchflussstrom fliesst, da 
(ausser unter gewissen besonderen Um- 
stinden) die Basis keinen weiteren Ein- 
fluss auf die Kenndaten hat. 

Der Trinistor wird durch Herabsetzung 
des Stromes unter die als Dauerstrom 
bekannte Grésse abgeschaltet. Es ist 
jedoch auch méglich, die Abschaltung 
bei geringen Stromstirken durch ein 
Basis-Steuersignal vorzunehmen. 

In der umgekehrten Richtung ist die 
Kennlinie ahnlich der einer iblichen 
Silizium-Diode mit Sperrung bis zur 
vollen Nennspannung. In dieser Richtung 
sind weder Uberschlag noch Steuerung 
mdglich, und die Spitzensperrspannung 
darf nicht iiberschritten werden. 

Eine Reihe von _ Silizium-Hochlei- 
stungs-npnp-Transistoren ist auch lie- 
ferbar, Diese Typen sind fiir Hochlei- 
stungsschalten und Verstirkung geracht 
Ein Merkmal dieser Transistoren ist der 
sehr niedrige Grenzwiderstand, der, zu- 
sammen mit den lieferbaren Spannungs- 
und Stromnennwerten, Hochleistungs- 
schalten mit geringsten Verlusten ermég- 
licht. Der Transistor wird in einem 
geschweissten, rostfreien Gehause mit 
Kupferbolzen zur Montage auf Kihlfla- 
chen geliefert. 

In Typen fiir 2 und SA mit Uce max 
bis zu 300 V lieferbar. 
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Zusammenfassung 
der wichtigsten Beitrage 


FM-Rundfunkempfinger mit Diffusions-Mesa-Transistoren 


Zusammenfassung des 
Beitrages auf Seite 448-453 


Ein elektrisches Analog fiir den Warmefluss in Halbleitern 


von N. L. Potter 


von M. Applebaum und E: Midgley 


Dieser Beitrag behandelt kurz die Kenngrdéssen der Diffusions-Mesa-Transistoren und beschreibt 
deren Verwendung in den HF- und ZF- Stufen eines FM-Rundfunkempfangers. Leistungsangaben fiir 
den Empfanger werden gegeben. 


Die Kristalltemperatur eines Halbleiters muss oft geschadtzt werden, wenn Schutzfragen behandelt 


werden. 


Die Ahnlichkeit des Warmeflusses und des Stromflusses in einem RC Netzwerk werden in diesem 


Zusammenfassung des 
Beitrages auf Seite 454.457 


Beitrag gezeigt und davon die Theorie fiir die Konstruktion eines Analogs zur Untersuchung der 
Kristalltemperatur abgeleitet. 


Ein typisches Analog wird zusammen mit den erzielten Sichtanzeigen beschrieben. 
Anwendung dieses Analogs fiir andere Zwecke wird vorgeschlagen und die Méglichkeit dreidimen- 
sionaler Untersuchungen diskutiert. 
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Ein NF Bandfilter fiir mehrere Frequenzbereiche von J. B. Bratt 


Das beschriebene Bandfilter wurde fiir eine Amplitudensteuerschaltung entwickelt, die in Gerdten 
fiir Forschung auf dem Gebiete der instabilen Aerodynamik Verwendung findet. Der Frequenzbereich 
von 16 Hz—175 Hz ist in neun Bereiche unterteilt, wobei fiir jeden Durchlassbereich das Verhaltnis 
Zusammenfassung des der oberen zur unteren Frequenz 1,38 ist. Die Basis fiir die Filterschaltung bildet ein abgednderter 
Beitrages auf Seite 458-462 Srequenzselektiver RC Réhrenverstarker, der Nulleistung fiir die Frequenzen 0 und « liefert. Zwei 
dieser Verstarker in Kaskade haben eine Durchlasskurve, die innerhalb + 5% flach ist, wobei fiir 
die untere Frequenzgrenze die dritte Oberschwingung 33fach abgeschwacht ist. Ein besonderes 
Gegenkopplungs-Netzwerk im Verstarker erméglicht Durchlasskurvenwahl durch Umschalten zweier 
Kondensatoren in jedem Netzwerk. 


Ein spannungsgesteuerter logarithmischer Verstarker von R. F. Mathams 


Dem Eingang eines Verstarkers werden Spannungen von einer Spannungsquelle mit einem Bereich 
von 0,1 bis 100 V zugeleitet, die mit Hilfe eines beschriebenen Schaltkreises als Ausgangsspannungen 
Zusammenfassung des abgegeben werden, die zur Eingangssp ig in einem logarithmischen Verhdltnis stehen. Die 
Beitrages auf Seite 463-465 | Eingangsspannungen werden mittels eines Unterbrecherrelais zerhackt und differenziert. Die Zeit, 
die der entstehende Exponentialimpuls benétigt, um auf eine Bezugsspannung abzuklingen, ist dem 

Logarithmus der Eingangsspannung proportional. 





Elektrische Uhr mit Signalgeber fiir Kodefunkbaken von J. W. Nichols, A. C. MacKellar und A. J. B. Baty 


Eine quartzgesteuerte Uhr mit elektronischem Signalgeber wird beschrieben, die Kodesignale fiir 
Zusammenfassung des Seefunkbaken in Ubereinstimmung mit den Anforderungen des Pariser Internationalen Abkommens 
Beitrages auf Seite 466-474 abgeben kann und auch die Zeiteinstellung mit hoher Genauigkeit reguliert. Fernsteuerung und 
Handbedienung, sowie ein Fehlermeldenetz zur Uberwachung der Zeiteinstellung und Verschliisselung 

sind vorgesehen. 


Die Konstruktion von Gleichstromquellen mit Thyratron-Stabilisierung von B. G. Higdon und M. E. Bond 


Das Stromtor wird im allgemeinen dem seriengeschalteten Vakuumrohrenstabilisator fiir Hoch- 
spannungsquellen vorgezogen, denen mehr als ungefahr 0,5 A Gleichstrom entnommen wird. 

In diesem Beitrag wird die Konstruktion der Thyratron-Stabilisatoren und eingebauten Bauelemente 
ausfiihrlich behandelt. Sowohl ein einfacher Stabilisator, als auch ein Gerdt mit Verstadrker in der 
Gegenkopplungsschleife werden beschrieben und Einzelheiten ihrer Leistung angegeben. 


Zusammenfassung des 
Beitrages auf Seite 475-479 


Transistor-Sperrschwinger fiir Digitalsysteme von Agnes A. Kaposi 


In einem Sperrschwinger wird ein Ubertrager eingesetzt, der gesdattigt werden kann. Es wird 

Zusammenfassung des_ _— gezeigt, dass die Impulsbreite von den Parametern der Transistoren, der Temperatur und dem 
Beitrages auf Seite 480-484 § Belastungsstrom unabhdangig ist. In Versuchsschaltungen wurden Impulsbreiten iiber 1,5 ws praktisch 
erreicht. Die Schaltung ist besonders fiir den Antrieb von Zahlern mit magnetischen Kernen geeignet. 


Die Theorie breitbandgekoppelter Kreise von W. Dougharty 


In diesem Beitrag werden genaue Formeln fiir den Ubertragungsleitwert der verschicdenen 
Kopplungsparallelschaltungen gegeben und dabei keine Anndherungen oder Bandweitenbegrenzungen 
zugelassen. Von diesen Formeln werden Ausdriicke fiir den Spitzenabstand, das Maximum-zu- 
Minimum Verhdltnis und andere derartige Kennzeichen abgeleitet, die geniigend genau fiir Band- 

Zusammenfassung des breiten sind, die dem Wert der Mittelfrequenzen naheliegen. 
Beitrages auf Seite 488-494 Formeln fiir die Phasenempfindlichkeit bei verschiedenen Kopplungsschaltungen werden gegeben. 

Es wird gezeigt, dass sich bei einer gewissen induktiven Kopplung eine Schaltung ergibt, die nicht 
nur einen guten Phasengang hat, sondern deren Phasenkurve auch in betrachtlichem Masse mit dem 
Frequenzhub symmetrisch verldauft. 

Der Beitrag beschaftigt sich durchgehend mit Fallen, in denen die Kreise synchron und von gleicher 
Resonanzscharfe sind. 
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EMIFILM 


Full details from: 


Nahere Einzelheiten erhalten Sie von: 
Pour tous détails, s’adresser a: 
SALES & SERVICE LTD - HAYES -: MIDDLESEX - ENGLAND 


EE 12098 for further details 





MAGNETBANDER 


MAGNETIC RECORDING TAPES 


RUBANS MAGNETIQUES E.M.I. POUR L’ENREGISTREMENT 





INSTRUMENTATION TAPE 


The world-famous magnetic 
recording tape offering the 
highest technical standards 
and used by leading recording 
and broadcasting organisa- 
tions, industry and science. 
“77"’ pen tested. ‘‘88’’ general 
purpose. ‘‘99”’ Long Play. 





Produced to the most exacting 
specification and available in 
various standard widths. To 
obtain the greatest freedom 
from surface contamination 
vital in these applications of 
tape recordi: a system of 
electrostatic tration, — 
to a particle size of .00001 

at the E.M.I. tape plant ensures 
that all stages of manufacture 
are carried out under the 
cleanest possible conditions. 


Sprocketed magnetic record- 
ing film designed for all applica- 
tions where absolute synchro- 
nisationisrequired. Thespecial 
micro-polish finish reduces 
head wear by as much as 30%. 
16, 17-5 and 35 mm; fully coated 
only. Single or double perfora- 
tion. Supplied wound oxide 
“in” or oxide ‘‘out’’. 


Bohee® & or = i ot — for tape recording 


fiir Tonaufnahmen auf Magnetband 
pour l’enregistrement au magnétophone 


Dieses technisch erstklassige, 
weltbertihmte Magnetband 
wird von den fiihrenden Kon- 
zernen des Rundfunks und der 
Industrie sowie von wissen- 
schaftlichen Kérperschaften 
fir ihre Aufnahmen benutzt. 
“TT” mit Feder geprift. ‘‘88"’ 
fir alle tiblichen Anwendun- 
gen. “99"’ fiir langspielende 
Aufzeichnung. 


Dieses Magnetband wird mit 
der héchsten Prazision in 
verschiedenen Normalbreiten 
—— Um die Oberflaiche 
so rein zu halten, wie es fir 
diese Anwendungsgebiete der 
Magnetbandaufzeichnung 
unerlasslich ist, sorgt ein elek- 
trostatisches Filtriersystem, 
das Teilchen bis zu 0,00001 mm 
erfasst, in der E.M.I. Magnet- 





den denkbar saubersten Ver- 
haltnissen ausgefiihrt werden. 


for cinematographic and teleciné uses 
fiir Film und Fernsehen 
pour les utilisations cinématographiques et télé-cinématographiques 


Perforierte Magnetbander 
dienen fiir alle Anwendungen, 
bei denen es auf vollkommene 
Synchronisierung ankommt. 
Die besondere Hochglanz-Poli- 
tur des Bandes verringert die 
Abnutzung des Tonkopfes bis 
um 30%. Di and 





e etbander 
sind nur _beschichtet in 
16 mm, 5 und 35 mm 
Breite erhdltlich. Sie werden 
sowohl einseitig wie beider- 

seitig perforiert und sind, je 
pach estell mit der 


Oxyd-Schicht ‘“innen” oder 
“aussen”’ gewickelt erh4ltlich. 


Ce ruban magnétique, célébre 
dans le monde entier et dont la 
qualité technique est incom- 
parable, est utilisé par les 
principales maisons d’enregis- 
trement, ainsi que par les 
stations radiophoniques et les 
installations scientifiques. 
“TT” éprouvé & la plume. ‘‘88"’ 
pour l’emploi général. ‘99" 
longue durée. 


for computers, instrumentation and telemetry 
fiir Rechenmaschinen, Apparaturen und Fernmessgerate 
pour les computeurs, l’instrumentation et la télémetrie 


Ce ruban est produit conformé- 
ment aux données de la plus 
haute précision et existe en 
différentes largeurs standards. 
Pour réduire au minimum la 
contamination de surface— 
condition indispensable a ces 
applications de l’enregistre- 
ment sur ruban un systéme de 
filtration électro-statique all- 
ant jusqu’aux particules de 

mm. assure aux ateliers 
de fabrication E.M.I. les condi- 
tions les plus favorables & la 
production des ru 


Film d’enregistrem =e. 
nétique a chaine endl 
toutes les Se n 
sitant synchronisation 
absolue. sry fini spécial micro- 

li réduit jusqu’éa 30% de la 
atigue de téte. 16, 17,5 et 
35 mm., & revétement entier 
seulement. ne simple 
ou double. enroulé 
oxyde “A lintérieur” ou oxyde 
“@ l’extérieur”’. 
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99-9999 % 


The production of semiconductors and of intermetallic compounds for thermoelectric 
devices has resulted in a demand for very high purity metals. To meet these 
developments, The Consolidated Mining & Smelting Co. of Canada Ltd., is producing 
the following metals to purities of the order of 99°9999% : 


BISMUTH - CADMIUM - INDIUM - LEAD - SILVER - ZINC 
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These “TADANAC” Brand metals are available in the United Kingdom and Europe from 


HENRY GARDNER 


AND COMPANY LIMITED 
2 METAL EXCHANGE BUILDINGS - LEADENHALL AVENUE - LONDON - E.C.3 
Telephone: MANsion House 4521 


whose Technical Service Department, backed by the full resources of the producers’ 
Research Division, will welcome enquiries. 


Wo K\0 ry i y i MS. Me AoA ‘ i ‘ i ‘ i 4 





A) K 0 


4 





: 


4 





Tone ne 






RONAN 
4 : i> 









VOW eta 






































SPAWAR Wohay War Pay Pa FARR On Avan hevRaRny Lokavanarey ay i 









CRORE AURORA CRA LRA ROA AARON ANALOG 































Polyskop 


A NEW ROHDE & SCHWARZ INSTRUMENT 


TWO CHANNELS: WIDE BAND SWEEP 
RF GENERATOR AND CRT DISPLAY 
FREQUENCY RANGE 500 Ke/s to 400 Mc/s 
SWEEP WIDTH +200 Ke/s to +50 Mc/s 


For direct viewing of impedance, gain or 
attenuation versus frequency in Aerials, 
Filters, Amplifiers, Cables. 
- 11°x8" Screen, illuminated grating 
Two probes for Roving Tests. 
Crystal controlled Markers: 1—!0—50 Mc Points. 





SHORT DELIVERY: DEMONSTRATIONS AVAILABLE 





AVELEY ELECTRIC LIMITED 


AVELEY ESSE* 15/16, AYRON ROAD, SOUTH OCKENDON, 
ROMFORD, ESSEX. tzu: soo 3444 
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ELECTRONICS - Basis for the Latest Techniques 


Electronic Controllers for machines and machine tools 
Test Equipment, Transfer Machines, etc. for all industries 
Electronic Light Controllers 
Electronic Controllers for current, voltage and power 


Electronic Timers . Photoelectric Counters . Programmers 


VEB INTRON LEIPZIG, Werk fur industrielle Elektronik 


Leipzig O27 . Sommerfelder Strasse 36 - Fernruf 64411 





Mr. Kurt Wolf, White’s Hotel, 
Lancaster Gate, London, W.2 


or: DIA Elektronik, Berlin C.2. 
Liebknechtstrasse 14, 
Deutsche Demokratische Republik 


Further information from: 


















flelne SUB-MINIATURE, MINIATURE, STANDARD TO 60VA 


* 


RESIN 
ENCAPSULATED 


* 


OPEN 
AND CANNED 
TYPES 


* 
IMPREGNATED 


* 


TRANSISTOR 
TYPES ETC. 


* 


A.D THE BELCLERE COMPANY 
APPROVED (JOHN BELL & CROYDEN) 171, COWLEY ROAD, OXFORD 


Phone : Oxford 43431 /2 Cables : Belclere Oxford 
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MINIATURE STABILIZED 


POWER UNIT 


TECHNICAL SPECIFICATION 





Mains Input : 200-250v AC 

Outputs : Two 4-pin sockets 

Output DC Current : 0-100 mA shared between sockets 
Output DC Voltages : 150v 200v 250v 

Regulation : 015% 0°025%, 0°025% 

Voltage stabilization Ratio : 0-1/5 0°075/5 0:075/5 

Ripple : Less than 0°-4mv RMS on full load 
AC Output : 6°3V, 2A at each socket 

Size : 54"x5}" x5} PAMPHLET No. 1241b ON REQUEST, 
Weight : Approximately 9} Ibs 

Delivery : Early delivery can be given 


Other voltages within the range 150-250v can be supplied to order. 


By means of simple links, one unit can provide any one of three output voltages. 


BARR & STROUD LTD. annonce: insica owe, iran tater 501 
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ai con dito it o Messrs. X. wanted this special type 
acy respons? constant ? il of transformer . . . with the help of a 
4, Fret ery: og 3 Fortiphone specification sheet (on the 
: ov left), and our vast experience, his 


11 : : , 
3 = exact requirement was provided in 
the NE only a few days. 






Enquiries to: 


ORTIPHONE 110 


TRANSFORMER DIVISION, 


92 MIDDLESEX STREET, LONDON E.! 
Bishopsgate 0871 
*VISIT OUR RETAIL SALES COUNTER AT 92 MIDDLESEX STREET 
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EDISWAN 
S11E12 








THE EDISWAN SI11E12 (CV4060) 
Special Quality Beam Tetrode 


EDISWAN 


INDUSTRIAL VALVES 
AND CATHODE RAY TUBES 
SIEMENS EDISON SWAN LTD 
An A.E.1. Company. 155 Charing Cross Road, London, W.C.2 
Telephone: GERrard 8660 
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newcomer 
with 


first 
class 
reference 


The S11E12 is the latest addition to the range of Ediswan valves 
designed specifically for use in series or shunt control circuits. 











The SI1E12 has an international octal base and the important 
parameters are as follows: 


Heater Voltage (volts) Va 6.3 
Heater Current (amps) Th 1.6 
Anode Voltage, maximum (volts) V, (max) 800 
Screen Voltage, maximum (volts) V,2 (max) 300 
Mutual Conductance (mA/V) 2m 13.5 
Anode Dissipation (watts) P, (max) 28 
Cathode Current (mA) I, (max) 300 


The new valve is specially designed to resist shock and is quality 
tested at all stages of manufacture to ensure maximum relia- 
bility and life expectancy. It is available from stock. 

Further information on this and other valves in the CV 4000 


range will be gladly sent on request. 
, ; . cRC 16/9 
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* This range of Cabinets meets the general requirements 
of the Electronics Industry and are of high quality, 
precision built to close limits. 

* Drilled and tapped | B.A. for 19’ Panels. Standard finish 
is stove enamel to B.S.C. 381C. Colour: dark grey 632. 
x Tropical finishes, or other colours, at extra cost. 

* Delivery Ex-Stock. 

* Fully illustrated leaflet sent on request. 












In| ENGINEERING COMPANY LTD. 
Ls Huntingdon. Tel: 28 















‘ssREGALOX’”? 
ALUMINA CERAMICS 


Unaffected by high working 
temperature ‘“REGALOX”’ remains 
dimensionally stable under most 
conditions. It holds close 
dimensional tolerances and 




















concentricity. It is impervious to 
moisture and withstands the action 
of practically all chemicals. Where 
required, components can be 

high temperature metallised—a 
process which has already had a 
wide application in the Electronics 
field. 

Let our “REGALOX” technical development 
advisory service tell you how ‘“‘“REGALOX” can *“REGALOX’ Test Piece sent 


be applied to your products, your production ie 
and maintenance. on application 














THE ROYAL WORCESTER INDUSTRIAL CERAMICS LTD. 


(A DIVISION OF ROYAL WORCESTER LTD.) 





Telephone: Tonyrefail 435/436 Tonyrefail 7 Glamorgan Telegrams: ‘‘Porcelain’’ Tonyrefaib 
EE 12 107 for further details . 
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offer the widest range of 


“ ULICON Semiconductor Devices 


in the United Kingdom 


Ferranti Ltd. were the first company in Britain to introduce Silicon 
semiconductor devices as used in magnetic amplifiers, in aircraft, guided 
missiles, radar and computers. Until recently they were the only firm in 
the United Kingdom supplying silicon diodes in quantity. Commencing 
their programme of research and development in 1954, they have already gaw rpc 
made outstanding contributions to technique, and are now producing at FERRANTI 
Gem Mill, Oldham well over half-a-million silicon diodes annually in the 
widest range offered by any British manufacturer. 

Among the 120 or more different devices are rectifiers, fast diodes, zener 
diodes, tetra-layer diodes and triodes, alloy junction transistors, diffused 
junction transistors, photo-voltaic cells, voltage variable capacitors and 
many new ones. 

Data Sheets, Application Reports etc., advice and assistance in techniques 
of application are freely available. 


SILICON 


SEMICONDUCTOR 
DEVICES 








‘ FERRANTI LTD - GEM MILL - CHADDERTON - OLDHAM - LANCS *- Telephone: MAIri 6561 
London Office: KERN HOUSE * 36 KINGSWAY. -. W..C, 2: Telephone: TEMple Bar 6666 
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Sas 
Adjustable Cable Rack Saddles ad 
Yes... every type, every size and every combina- * rele | 


tion of cables are secured slickly, quickly and 
Secure Cables more efficiently than ever before with these 
Insuloid 2-point fixing Single Screw Adjustable 
at 2 POINTS Saddles. Designed for use with standard cable 
_ racking, the SAS Saddles are made from tough, : or 
with only virtually unbreakable, nylon to withstand the 
effects of most chemical and acid attacks, and 


| SCREW providing for high insulation value, freedom from 
corrosion and electrolytic action. Leading users te i D i 
say “These Insuloid SAS Saddles are superb.” 


Consult 














REGISTERED TRADE MARK 














Illustration shows a portion of a typical 


SAS Saddle installation. FORMER 
LOOK AT THESE ADVANTAGES ; Patented ceramic 
@ Two stock si Il diamet moulding with horizontal op- 
wo stock sizes secure all diameters 3 , 
and combinations of cables. = eee — internal 
@ Ne need for special Saddles to be WINDING ‘ 


made on site. . 2 
Best quality resistance 


wires to B.S.S. 115. 
WRITE FOR LIST NO. 130 


@ Self-tensioning, anti-corrosive, 
high insulation value. 


@ Permits later additions or removals 






a 


LF eA PAR oe SM! 8 AB AA 





of cables. 
* A big brother has arrived 
le To (fulfil many _ requests, VITREOUS ENAMELLED RESISTORS 
@ Cuts assembly time by 50%. INS ULOID “announce the 
— a ote Ferrule or wire end type: 
: of capacity Saddle . .. they're n ype: 7 
Seen & aerviee. ready NOW! ¢ full range of 24 sizes—1}—250 watts. List 190 








CAT as Also makers of:- 

Asbestos Woven Mats. Motor Operated Resistors. 
: Heating Elements. Stud Type Resistors. 
Adjustable Saddles Loading Resistors Sliding Resistors. 


Designed specially for wall and 
anel mounted wiring installations. 
¢ Insuloid AS Saddles have all } 


the outstanding virtues of SAS \ e 
} 
i 


Saddles, and three sizes only are 
REGISTERED TRADE MARE 





2-screw 2 point fixing 





required to cover even the most 
complex wiring assembly and at 
the same time considerably reduce 
time and costs, in addition to 
Illustration above shows how providing complete security with 
the complete AS Strap can the highest insulative, anti- 









be left uncut if future corrosive qualities in every climatic 

extensibility is required. condition. 
Fully descriptive literature on the Insuloid SAS 
Adjustment Saddles and = Adjustable Saddles H. A. BIRCH & co. LTD. 
ee ee WOOD STREET, WILLENHALL, STAFFORDSHIRE 


INSULOID MANUFACTURING CO. LTD. Telephone WILLENHALL 494° 495 - Grams WILOHM WILLENHALL 
Sharston Works LONDON OFFICE: 1-5 NORTHOLT ROAD, HARROW, MIDDLESEX 
, Telephone : BYRON 5120 


Leestone Road, Wythenshawe, Manchester 
Telephone: Wythenshawe 2842 & 3163 
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| MEGOHM TO 100 MILLION MEGOHMS 
measured at: 





TYPE IM5 





50, 100, 200, 500, and 1,000 VOLTS d.c. 





@ This new Hundred Million Megohmmeter offers 
high stability, large easy-to-read scale, and simple 
operation. 





@ Fast charge and automatic discharge networks 
permit fast and safe measurements on capacitors. 


@ Built-in leakage current guard. 


# Meter scale calibrated from | to 100 Megohms with 
He 7 range multipliers: xl, xl0,..., x10. 


Accuracy from 2% to 5% depending on range. 


Write for complete information 


Radiometer offers a line of 50 different instruments such as 

AF-OSCILLATORS 

R-L-C BRIDGES 

SIGNAL GENERATORS 

VACUUM-TUBE 
VOLTMETERS 

WAVE ANALYZERS 

ELECTROCHEMICAL 


INSTRUMENTS 


RADIOMETER 


72 Emdrupvej, Copenhagen NY-3, Denmark 
Represented in Great Britain by 
Livingston Laboratories Ltd. 
Retcar Street, London, N.I9 
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This coupon car 
put your goods on the 


AMERICAN MARKET 
in 2 A-hours 


YOUR NAME AND BUSINESS ADDRESS 





Please ring me and arrange for one of your air freight 
specialists to visit me. I would like all the facts and 
figures of Seaboard & Western’s transatlantic freight 
services—and his help in assessing their value to my 
business. 


IT'S MORE THAN LIKELY THAT 


SEABOARD & WESTERN 


CAN HELP YOU 
JUDGE FOR YOURSELF 


Air freight has grown 500% in the last nine years, 
and much of this increase consists of bulk ship- 
ments of normal production—not just rush cargo 
or delicate consignments. Today the exporter 
profits from demand wherever and whenever it 
exists, by using air freight to put goods in the 
right place at the right time. Because Seaboard & 
Western is an all-freight airline it offers you:— 

*HIGH FREQUENCY OF SERVICES—daily across the 
Atlantic by Super Constellation Airtrader. 

*BIG CAPACITY —Seaboard Airtraders were first to 
fly entire plane loads of Textiles, Apparel, 
Machinery, Chemicals, Electronics and Jet 
Engines across the Atlantic. 


Cut out, complete and return this advertisement to: 


SEABOARD & 
WESTERN AIRLINES 


1.A.T.A. MEMBER CARRIER 
21 CORK STREET - LONDON W.1 
OR RING REGENT 7515 


WITH BRITISH OVERSEAS AIRWAYS CORPORATION 


...- operators of the biggest fleet of all-freight Super Constellations 
flying the Atlantic. Leading Agents use Seaboard ‘‘Airtraders’’. 
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Piezoelectric 
Ceramics 





TYPE LZ-4A TYPE LZ-5A 
Improved polycrystalline ceramic materials k 0.600 0.540 
. are ‘ ;, : ‘ .318 
for all piezoelectric applications including gramophone pickup elements, k3} 625 = ne ms 
- . d3) -107 x 10 -140x 10 “~ coul/Newton 
accelerometers and pressure cartridges, flaw detection probes and K; 1350 1500 
high power ultrasonic transducers. Density 7.6 i 7.5 gremsjcc 
Resistivity > 10 >10 ~ ohm. cm 
Mechanical Q 500 75 
tan § 0.004 0.02 



















Brush Crystal Co. ltédl. 


SHORE ROAD*+ HYTHE + SOUTHAMPTON 
TELEPHONE: HYTHE (Southampton) 3031-2 CABLES: BRUDEV. HYTHE SOUTHAMPTON 


The NEW 
~PENDEFORD MULTIMETER 


LIGHT IN WEIGHT—SIMPLE TO OPERATE— VERSATILE 





& 




















Make checks in situ at different locations with varying problems, quickly and easily 
with this new Multimeter. Just plug-in the appropriate transducer, set the 6-position 
selector switch and read off pressure, tension, load, strain or displacement on the 
directly calibrated scale. In addition, recording or control can be carried out and the 
instrument is provided with an electrical output for this purpose. 














SPECIFICATION 

Energising supply: 5.0 v.; Max. current 200 mA ;Frequency | Kc’s; 

Electrical output + 0.15 mA full scale into 1,500 ohms load ; 

Mains supply 200-250 v. 50 ¢/$; Dimensions 15” x 9” x 6” deep; Weight (approx.) 20 Ib. 





Why not write us for full details of the new Multimeter and our new type 


transducers ? All are specially designed to simplify testing. 












| 
A SELF-CONTAINED 
PORTABLE SYSTEM 
OF INSTRUMENTATION 





BOULTON PAUL AIRCRAFT LTD., WOLVERHAMPTON. 
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V.47_ Peak Thrust 2 Ib. at I kc/s. 
Range up to 10,000 c/s. 
Range u 
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Frequency Range: 10-10,000 c/s in 3 ranges. 
Calibration accuracy : +-2%. 


Power Output : 5 watts into 3 ohms. 


Having virtually moulded the technique of modern vibration 
phenomena research, GOODMANS now have available a com- 
prehensive range of Power Oscillators specifically designed for 
use with their already world renowned VIBRATION GENERATORS. 
Their present wide range of Vibration Generators includes 
models producing peak thrusts from 2 Ib. to 8,000 Ib., coupled 


with wide frequency range and high power efficiency. 


GOODMANS INDUSTRIES LIMITED AXIOM WORKS 
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390A Peak Thrust !7 Ib. at | kc/s. 
Range up to 4,000 c/s. 
790 Peak Thrust 35 Ib. at 500 c/s. 
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Frequency Range: 10-10,000 c/s. in 3 ranges. 
Calibration accuracy: + 2%. Power output: 


120 watts into 10 ohms at unity power factor. 


WEMBLEY 
GDI8 Cables: Goodaxiom, Wembley, England 
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8/600 Peak Thrust 250 Ib. at | kc/s. 
Range up to 1,000 c/s. 

16/600 Peak Thrust 300 Ib. at 400 c/s. 

7" Range up to 400 c/s. ae 


iste 7 









fe 





Frequency Range : 5-4,000 c/s. (full output 10 c/s.- 
3,000 c/s.) in 3 ranges. Calibration accuracy: 
+2%. Power output : 1250 watts into 15 ohms, 
27 ohms, 42ohms or 60 ohms at unity power factor. 


Consult GOODMANS whatever your vibration 
problem may be. Technical data of standard 
equipment available on request. 


Visit us at 
STAND 199 


FARNBOROUGH AIR 
7th-13th September, 1959 


SHOW 


Vibration Equipment, 


MIDDX Telephone : WEMbley 1200 (8 lines) 
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@ PULSE HEIGHT ANALYSER, Type H.S. 100 


A sophisticated instrument in the lower price range. 
Scaler, Live Time Integrator and Print-Out. 


Includes 


@ TWIN-CHANNEL PULSE GENERATOR Type T.P.G. 100 


@ MAGNETIC PULSE RECORDER, Type M.P.R. 103, Tran- 
sistorised. 


@ A DESIGN TEAM TO MEET YOUR OWN SPECIAL 





Enquiries to Sales Department 


MARSHALL OF CAMBRIDGE 


THE AIRPORT, 


REQUIREMENTS. 


CAMBRIOGE, 


ELECTRONICS 


LIMITED 
ENGLAND 








ie 


A-i-D APPROVED 
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Technical facts and sound 
business judgement both say it’s 


BRANDAUER 


FOR 


Beryitium 








TO VERY 
CLOSE 
TOLERANCES 








(oprer PRESSINGS 


Today, we of Brandauer are among the 
largest and most sought-after fabricators 
of beryllium copper pressings in Britain 
—thanks to a hundred years of heat 
treatment experience, specialised plant, 
and ten years of research. Being crafts- 
men, experts, and indeed enthusiasts in 
beryllium copper, we work with 
extreme precision, and in certain 
circumstances regularly maintain an 
accuracy of + .00025”. All our com- 
ponents are of course made to 
customers’ own requirements. 


FOUR SLIDE WORK 
OF THE UTMOST PRECISION 


is also a helpful part of our service. 
So are our large stocks of material. 
They enable us to quote early 
deliveries for most pressings and com- 
petitive prices for all. In short, 
technicians and business men both 
agree that for time and tolerance, 
quality and price—choose Brandauer. 
May we send you samples and further 
information? 

We also specialise in precision press- 
ings manufactured from all ferrous 
and non-ferrous materials including 
the cupro-nickel alloys. 


Cc. BRANDAUER & COMPANY LTD. Es:. /862 
401 New John Street West, BIRMINGHAM 19. Telephone: ASTon Cross 3818 
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SPECIFICATION: 
Range 

Zero capacitance 
Accuracy 
Maximum voltage 
Terminals 
Mounting 

Finish 









Dimensions 
(overall) 





Range 

Zero resistance 
Accuracy 
Maximum current 


Terminals 
Mounting 
Finish 


Dimensions 
(overall) 





SPECIFICATION: 





.001 mfd. to I.11 mfd. 


DECADE BOXES 


These resistance and capacitance decades were 
developed by one of our engineers some years ago. 
The reason for the development was that when 
engineers wish to ascertain the required value of a 
condenser or resistance in a part of a circuit, or when 
they are using decades for normal test functions, there 
is no point in purchasing expensive decades of the 
1% variety. Our engineer considered that resistance 
and capacitance boxes giving normal commercial 
tolerances at about one-quarter of the normal price 
would be most attractive to laboratories, universities 
and factories throughout the world. 





50 pf. 
+ 5%. e 

750V D.C. Decade Capacitor Box 

seri 28 Accurate decade capacitors are valuable for use in 


Metal case and panel. 
Blue hammertone case. 
Black and silver photoetched panel. 


Height 3 ins. (7.5 cms.) 
Width 8 ins. (20 cms.) 

Depth 3} ins. (9.5 cms.) 
Weight 5 Ibs. (2.3 Kgs.) 


100 ohms to 111,000 ohms. 
0.006 ohms. 
+ 1%, 
10’s decade 100 mA 

100’s decade 35 mA 
1000’s decade 10 mA 
Screw type. 
Metal case and panel. 
Blue hammertone case. 
Black and silver photoetched panel. 
Height 3 ins. (7.5 cms.) 
Width 8 ins. (20 cms.) 
Depth 3} ins. (9.5 cms.) 
Weight 5 Ibs. (2.3 Kgs.) 
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ELECTRONICS LIMITED 


work where a widely variable capacitor of 
accurately known value is required for audio 
frequency use. 


Mechanical and electrical shielding is provided 
by the metal case and panel. 


The capacitor elements have no electrical 
connection to the case and panel for which a 
separate shield terminal is provided. 


Positive detent mechanisms and pointer knobs 
permit the operator to sense the switch position 


without looking. 
Price £Elelle-O 


Decade Resistor Box 


Accurate decade resistors are valuable for use in 
work when a widely variable resistance of 
accurately known value is required for D.C. 

and audio frequency use. 


Mechanical and electrical shielding is provided 
by the metal case and panel. 


The resistance elements have no electrical 
connection to the case and panel for which a 
separate shield terminal is provided. 


Positive detent mechanisms and pointer knobs 
permit the operator to sense the switch position 
without looking. 


Price £ 13°13°O 
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Phone: Walton-on-Thames 26321 /5 
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GOVETT AVENUE - SHEPPERTON - MIDDLESEX 


Grams: Winston, Shepperton. 
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‘Cfewasf TRANSFORMERS /S £ & / 








Suitable for every type of Electronic Equipment requiring components for 
exacting duties under all conditions of ambient temperature and humidity. 





@ Our Technical Department 
is at your service 





Enquiries to :— 


STEWART TRANSFORMERS Ltd. 


KILBURN LANE, LONDON, W.10. WE ARE ON ADMIRALTY AND 
Tel.: LADbroke 2296/7. MINISTRY OF SUPPLY LISTS—A.I.D. APPROVED 

















WMG 

>| | 

\ \ 

HPQ rosep ovartz 
ae eciaaaliall FOR SEMI-CONDUCTOR WORK 


High purity fused quartz (H.P.Q.) boats, 
crucibles and tubes are available for 
preparation of hyper-pure silicon. They 
have an exceedingly low content of boron, 
aluminium and other elements detrimental 


to semi-conductors. 


We also manufacture an extensive range of Vitreosil Industrial Ware 


THE THERMAL SYNDICATE LTD. 


P.O. Box No. 6 
WALLSEND, NORTHUMBERLAND 
Telephones : Wallsend 6-3242/3 


LONDON : 
9, Berkeley Street, W.1 
Telephone : Hyde Park 1711/2 
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X marks the spot 


The Venner Electronic Marker Buoy for the 

recovery of caught whales contains a radio 
transmitter and coding unit, by means of which 

the call sign of the buoy and a continuous signal 

for direction finding purposes are radiated at 

regular intervals. To enable it to withstand 

the conditions imposed by use in Antarctic waters, 
the complete transmitter, with the exception of 

P tuning condenser, two valves and crystal, is 
_.encapsulated in Araldite epoxy resin. This material 
: q _* is outstanding for its adhesion to metals, 
sy a ey ceramics, etc. and for its excellent dielectric 
* + praperties. it ‘provides permanent protection against 
oy es mechanical shock, damp, extremes of 
climate and micro-biological attack. 


- 
ae 
aes 
. 


eee? 
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Araldite epoxy resins have a remarkable range of characteristics and uses. 


They are used * for producing patterns, models, jigs 
and tools 


* as fillers for sheet metal work 


* as protective coatings for metals, 
wood and ceramic surfaces 


* for casting high grade solid electrical 
insulation 


* for impregnating, potting or sealing 


electrical windings and components 
* for bonding metals, porcelain, 


* for producing glass fibre laminates ceramics, etc. 





may we send you full descriptive literature 


Araldite 


epoxy resis 





Araldite is a registered trade name 


CIBA (A ° R ° L ° ) LI M | T E D Duxford, Cambridge. Telephone: Sawston 2121 
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The photograph, showing the Venner Mark Il 
Whaling Buoy, is reproduced by courtesy of 
Venner Electronics Limited 
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+300 SILIGONE/GLASS Jntermittent 
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| Dimensions of mouldings which 
SILIGONE/GLASS Concise : 


SWS Ed High-Heat Mouldings 
l ie 250° peso yeep 


+ ( 975° POLVESTER/GLASS Nt Se. A small bobbin can be made with 









a wall thickness of -020” but 
increased thickness is recommended 
in larger sizes, say over | sq. inch 


°C cheek area or |” length of core. 
¢—- 200 PHENOLIC/ASBESTOS Intermittent General tolerances are +--005” but. 


if design of the moulding permits, 
that value can be halved. 

We are always glad to advise 

in the design stage of any moulding 
what is possible. Slots or 

holes can usually be incorporated 
in cheeks of bobbins. 





POLYESTER/GLASS Consiniwon 












PHENOLIG/ASBESTOS Cinrincous 


— 150° 


a ¢+— 180" 
al 
| 





These small mouldings are fully moulded, 
cured and post cured as necessary to 
impart best electrical and mechanical 

properties to the product. 













We are prepared to recommend our Silicone/Glass Mouldings 
for continuous service at 250°C or for intermittent service at 300°C 


Anglo-American Vulcanized Fibre Co. Ltd 


CAYTON WORKS BATH STREET LONDON E.C.1. cre 3271 Grams: PROMPSERV AVE, LONDON 


DELANCO WORKS * LEONARD STREET LONDON €E.C.2 
VULCANIZED FIBRE LAMINATED BAKELITE . LEATHEROID ; MICA - COMPOSITE INSULATIONS EBONITE PRESSBOARD 
PRESSPAHN : CLOTHS, TAPES AND SLEEVINGS PRESSED, TURNED AND MACHINED COMPONENTS 











ELECTRONIC ENGINEERING AUGUST 





1959 





Volt 
urr 
eat 
ype 

slow 

‘imp 

yvers 


= 





ML 












































Idings 
300°C 
6 7-0 
NN 
6:0 
d 








LOW CURRENT END 
OF CHARACTERISTICS ~ 
DRAWN TO A 
LARGE SCALE 


0 L (mA) 10 











Voltage stabilisation down to exceptionally low 
surrents is provided by Mullard Zener Diodes. This 
eature is particularly marked in the higher voltage 
ypes where stabilisation is provided at currents as 

low as one milliamp. In all types the dynamic 

timpedance is low and the zener characteristic is 

















pvery sharp. 
! | VOLTAGE (V) 
5°, Tolerance Range | Nominal Min.| Max. 
OAZ200 
OAZ201 | 4.7 4.4 5.0 
OZA202 | 5.1 48 5.4 
§ 0OAZ203 | 5.6 5.3 | 6.0 ae 
OAZ204 | 6.2 5.8 6.6 2 
OAZ205 | 68 64 | 7.2 3S 
OAZ206 i 7.1 | 7.9 La 
OAZ207 | 82 7.7 | 87 = 
| on 86 | 96 > 
SY, Tolerance Range | 
OAZ208 3.3 | 5.0 
0OAZ209 = < 4.4 | 6.0 
OAZ210 6.2 eS ie 
OAZ2I1 7.5 6.4 | 87 
OAZ212 9.1 7.7 | 106 
0AZ213 12.2 9.4 | 15 














Lid 


LONDON 


ESSBOARD 











MULLARD LIMITED - SEMICONDUCTOR DIVISION 
MULLARD HOUSE - TORRINGTON PLACE - LONDON WCI - LANGHAM 6633 “QW 





zener 
diodes 


voltage 
Stabilisation 
down to 
exceptionally 
low currents 


Two ranges of these diodes are available. One with 
approximately + 5% tolerance voltages, and the 
other with approximately + 15% tolerance voltages. 
In both ranges the change of Zener voltage with 
temperature is only very small, and the operating 
temperature is from —55 to +150°C. 

Write on your company notepaper for complete data. 


OAZ207 


| 
L 
| 
U 
! 
N 


Mullard 


semiconductor 
division 





A 
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Here’s a typical example of how the mechanical strength 
of Beetle D.M.C. (Dough Moulding Compound) helps 
to solve industrial problems. 

These ear defenders are used to protect the hearing of 
workers in proximity to jet engines and in noisy factories. 
During the development work by the makers, Dennis 
Ferranti Meters Ltd., twelve sets moulded from conven- 
tional materials were delivered to Bomber Command 
for testing. The report of The Central Medical Establish- 
ment, Acoustics Laboratory, was that the ear defenders 
gave excellent protection, but that the mouldings then 
used were considered too fragile. 


This illustration shows the main moulding from 
Beetle D.M.C. and a retaining piece made 
from Scarab material. The Earguards are 
used in engine testing, rivetting, blasting, 
rolling mills, weaving sheds, paper mills 

and on aerodromes. 


Ble 











D.M.C. mouldings were substituted and have been found 
virtually indestructible. 

D.M.C. is the ideal material whenever high mechanical 
and/or electrical strength is required. The material can be 
moulded in conventional compression presses on short 
cure times and at low pressure. We shall be glad to send 
full technical details. 











BEETLE MOULDING POWDERS 


B.1.P. CHEMICALS LTD., 


Oldbury, Birmingham. Telephone: Broadwell 2061. 
London Office: |, Argyll St,, W.1. Telephone: GERrard 7971. 
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M3 


MULTI-INDICATOR 


*Displays bright and clear 
digits O—9 or letters A—Z 
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® Wide viewing angle 





® Compact, robust and reli- 




















able 











® Can be used with transistor 


circuits 
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Ee GIVE: electronics limited 





a 





Middlesex 


The Barons - St Margaret’s - 


Telephone: POPesgrove 003! 








The locked position. 
The Dzus Fastener is 
instantly unlocked by 
@ quarter turn 
anti-clockwise. 





THE MOST RELIABLE... 
YET SIMPLE 


@ Dzus can easily be fitted in solid or laminated 
materials, regardless of thickness. Dzus have tremen- 
dous holding power. Quick in action! Vibration proof! 
They are indispensable for hinged or removable parts 
which need frequent inspection, cleaning or adjust- 
ment. THE FASTEST FASTENER with the 101 uses 
for Inspection Hatches and Panels, Engine Covers, 
Machinery Guards, Fascia Panels, Radiator Grilles 
and with a variety of uses in the Electronic, Motor 



















% 
Cam operation ensures 
j smooth easy working 


yet unbreakable grip ; 
fastener supplied to suit 
any thickness. 


Stee! spring mounting 

lends great strength and guards 
against loosening, however 
intense the vibration, 








Vehicle and Shipbuilding Industries. 


mai 


Write for full details of application to your 
particular industry to: 


DZUS FASTENER EUROPE LIMITED 


Farnham Factory Estate, Guildford Rd., Farnham, Surrey 
Sales Agents in U.K. Thomas P. Headland Ltd. 
Melon Road, Peckham, London S.E.15 
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DERATRONS 


FEATURES INCLUDED IN THIS RANGE 
















BI-DIRECTIONAL COUNTING << 


SPEEDS UP TO 20,000 COUNTS PER SEC. << 


OMLY RANGE TO INCLUDE 10 OR 12 CATHODE TUBES << 


ACCESS TO ONE, FOUR OR ALL CATHODES << 


NO SHAPING OF INPUT WAVEFORM WECESSARY << 


ERICSSON 





DEKATRON IS AN ERICSSON TRADE MARK 


ERICSSON TELEPHONES LIMITED, HEAD OFFICE: 
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ORIGINATORS AND SOLE MANUFACTURERS OF DEKATRON SCALING TUBES 





The most comprehensive range of 
glow-transfer scaling tubes in the world 


Described as the most significant advance in the technique of slow 
and medium speed counting during the last decade, Dekatron scaling tubes 
have logged hundreds of thousands of unfailing working hours. 
Leading manufacturers of counting, timing and measuring instruments 
prefer these reliable tubes because they allow simplified circuitry, 
replace a number of thermionic tubes, operate at low current, 
dissipate negligible heat and are moderately priced. 

Available in decade and duo-decade types, the Dekatron Is the origina! 
and the leading counting tube for superior performance. 

Are you taking full advantage of the economy, long life and 

versatility of these cold-cathode scaling tubes? 

If you would like more information please write to:— 


THE TECHNICAL SERVICES DEPT., 


TUBE DIVISION 


BEESTON - NOTTINGHAM . ENGLAND 


ENGLAND 


22 LINCOLNS INN FIELDS, LONDON, W.C.2. Tel: HOLborn 6936 


E115A/98A 





114 AUGUST 1959 


























ing tubes 


ints 


inal 


rn 6936 
E11GA/P8A 


1959 








57 











RCA’s new n-p-n silicon transistors offer 
significant reductions in saturation resistance, 
and feature excellent beta stability over the 
entire operating temperature range. These 
features result from use of RCA’s advanced 
diffused-junction mesa technique. These 
transistors are designed to meet stringent 
mechanical, and life test requirements. 


CHARACTERISTICS 


asseusre-ceanmeen _— Ht Case Temperature of 25°C : J At Case 
aaTines Saturation Resistance [| _ 0C Current Gain meet) | 
f T ] TY Transi sad “aan 
HEDEC Vees®  Vceos! Collector) Dissip. = & T 
| Tape | Outline | (woits)| (votts)) camp.) | (watts) | Type weal | Max | Conditions | Typical) ]™ | Conditions | Typical| 
- } } a aan 5 | the 
2n1092 | 10-9 60 »0 os | a = 10 te= 200 ma r 2 | 10 | = 200 ma 7s 
2m1067 | 10-48 60 .) os 25 3 10 te = 200 ma 3% | 15 | t¢=200me % 
261068 | 10-80 60 30 15 s 1 267 | te=750ma | 38 | 15 | ie=750ma s 
2m1069 | 10.3 60 4s ‘ 2s or) 2 te 1Samp | 20 | 10 | tc=1Samp| 150 
foal 10-3 C7 |] ¢ | 3 | o4] oo c=1Samp | 20 | 10 te=1Samp| 180 | 3 


© Weat-Sink” mounting clamp suppliee 


| @Collector-to ‘emitter Breakdown voltage with base connected to emitter 


Collector to-emitter Breakdown voltage e with i 
At a case temperature of 100° c 


For technical data write to: 
RCA GREAT BRITAIN LTD. Engineering Products Sales Dept. E.E.3. Lincoln Way, Sunbury-on-Thames, Middlesex 
*Phone: Sunbury-on-Thames 3101 
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..with excellent beta stability from —65°C to +175°C 
and exceptionally low saturation resistance! 


* 2N1092—medium power 

* 2N1067—intermediate power 

* 2N1068 —intermediate power : 
*2N1069—high power 
*2N1070—high power 


| wc conector Cutof Current (tebe) | ~ | 


2 one 
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CW 






























4176 °C 


-e6 °C TEMPERATURE 


RCA silicon transistors offer the equipment 
designer a wide choice of power-switching 
capability in preferred industry cases JEDEC 
TO-3, TO-8, TO-S. 

RCA SILICON TRANSISTORS are com- 
mercially available in limited quantities. RCA 
will be glad to discuss with you other silicon 
transistors now under development. 


4 
Temperature of 175°C | 











i. 
Max | T Conditions | 
1000 Vebo= 30 volts 
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For Electronics, Radio 
& Telecommunication 
Fields ...... 

ln rap Se Roe Rowse 
pact Ser Rag 








SHEET Maximum width 24”. Minimum thickness 0-006". 


STRIP Maximum width 18". Minimum width 3”. 
Minimum thickness 0-005”. 


WIRE Maximum diameter j’. Minimum diameter 0-0025”. 


Specialities High finish Nickel-Silver Telephone 
Strip and Sheet conforming to BSS 1824, or to your own specifications for 
the manufacture of Spring contacts, Relay blades, etc. 

We also specialise in producing Copper-Nickel Alloys (Cupro Nickel) with 
special resistance properties in the form of Sheet, Strip and Wire. 


Established 1845 


JONES & ROOKE (1948) LTD. NORTHWOOD STREET ROLLING MILLS, BIRMINGHAM 3. 
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Printed 
Circuit 
Counter 
Panels 


A complete range of transistorized counter 
panels of common size, fixing method 

and electrical connexion, designed to provide 
a flexible unit system 

whereby any special requirements 

in the counting or data processing fields 


can be quickly built up. 


A fully illustrated brochure giving 
complete performance and 
specification figures for 

every panel in the range is 


available on request. 













50kc/s Scaler 


1Mc/s Scaler 

Input Amplifier 

Gate Unit 

10kc/s Oscillator 

1Mc/s Oscillator 

Power Unit 

50kc/s Read-out Scaler 
1Mc/s Read-out Scaier 
4 Channel Output Unit 
Read-out Unit 

Meter Display Unit 
Lamp Display Unit 
Numerical Indicator Tube 
Shift Register Stage 
Shift Register Driver 


RANK CINTEL LIMITED 
Worsley Bridge Road * London: SE 26 
HiTher Green 4600 


Sales and Servicing Agents: Atkins, Robertson & Whiteford Ltd. Industrial Estate, Thornliebank, Glasgow; 


McKellen Automation Ltd., 122 Seymour Grove, Old Trafford, Manchester, 16; Hawnt & Co. Ltd., 59 Moor St. Birmingham, 4. 
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Om’s| 
O.P.E.G, COPPER | 


RODS, BLANKS AND 











Illustration by kind permission of 
The M.O. Valve Company Limited 







MACHINED 
PARTS 
FOR TRANSMITTING, 






INDUSTRIAL AND 









SPECIAL VALVES 





avOttas THOMAS BOLTON & SONS LTD, 
BOLTON Head Office: Mersey Copper Works, Widnes, Lancs. Tel: Widnes 2022 
¢ ° London Office & Export Sales Department: 168 Regent Street, W.I 
Sons < Telephone: REGent 6427. 























INSTRUMENTATION PROBLEM I 


Within 10 to 14 days of putting your problem to M.I.P. you can be test- 
ing the prototype of your special ‘custom-built’ instrument. That is the 
time we at M.I.P. regard as reasonable to find the answer to the ‘special’ 
instrumentation preblem. 




















@ SPECIAL RANGES AND SCALES 
@ NON-STANDARD INSTRUMENTS 
@ MULTI-RANGE TEST SETS 


@ SPECIAL APPLICATION 
COMPONENTS AND CONTROL GEAR 


@ DESIGN DEVELOPMENT 
@ PRODUCTION REPAIRS 





The illustration is of the Model ‘55’ 
in the “Priory” range 





GDII ‘ ° 
MEASURING INSTRUMENTS (PULLIN) LTD. Electrin Works, Winchester St., Acton, London, W.3 Tel: ACOrn 4651, 4995 & 8801 
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SLC, a 
m oD EXPERIENCE 


KUALA LUMPUR 
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\\ JEMENTAH 
MALACCA 
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KILOMETRES ‘ 
9 © 20 38 40 50 60 
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4000 Mc/s 600-CIRCUIT CAPACITY I-—>4¢-—— 2 WAY TERMINAL AND REPEATER 
7400Mc/s 240CIRCUIT CAPACITY B---->¢----- 2 WAY TERMINAL ANO REPEATER 







S.T.C. are supplying and installing 4000 Mc/s and 
7400 Mc/s multi-channel microwave telephone 
systems over the 210 mile main line route from 
Singapore to Kuala Lumpur for the Malayan 
Post and Telegraphs. 


Mi / Working and standby radio channels are equipped 
with automatic baseband switching equipment 














st= 
the 
jal’ 








S.T.C. are supplying main line micro- 
wave telephone systems to 16 countries 
and have already supplied systems with 
a capacity of over 1 million telephone 
circuit miles, 2000 television channel 
miles and an equal capacity of standby 
equipment. 


for interruption-free service. The main line links 
will have a remote control and supervisory system 
operating over an independent 4000 Mc/s narrow- 
band radio system. 


S.T.C. are also supplying:— Telephone multiplex 
channelling equipment for each terminal station, 
Coaxial and paired carrier cables for entrance 
routes, Antennae systems, Towers, and Trans- 
mission Testing Apparatus for Microwave and 
channelling. 


Malaya—one of 16 countries having 
S.T.C. MICROWAVE SYSTEMS 





Ce ELECTRONIC 
SYSTEMS 






GROUP 











Standard Telephones and Cables Limited 


Registered Office: Connaught House, Aldwych, London, W.C.2 
TRANSMISSION DIVISION: NORTH WOOLWICH - LONDON ~- E.I6. 
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Supplied for all Voltages. 
Radio, T.V., Deaf Aid, etc. 
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SOLDERING EQUIPMENT 


by 


DCO 


(Regd. Trade Mark) 





(illustrated) 
4,” DETACHABLE 
BIT MODEL 
(List No. 64) 


& 
PROTECTIVE 


SHIELD 
(List No. 68) 


Designed for Factory Bench Line Assembly 


Write for Catalogues 


Manufacturers 


ELECTRONIC ENGINEERING 


ADCOLA PRODUCTS LTD., 
GAUDEN ROAD, CLAPHAM HIGH STREET, LONDON, S.W.4 


Telephone: MACaulay 3101 & 4272 Telegrams: Soljoint, London 
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Where Precision 
Is essential 


M¢ GRATH PLASTICS 
MOULD TO FINE LIMITS 
FOR INDUSTRY 


With a team of technicians, each member being 
selected for his specialist knowledge and experience 
in the field of plastics, we are able to offer industry 
the best possible service in the production of mould- 
ings, irrespective of the shape, size or complexity. 
Your enquiries are invited. 





MCGRATH PLASTICS LTD 


PRECISION MOULDERS 


TRADING ESTATE CHENEY. MANOR SWINDON WILTS 
TELEPHONE SWINDON 6541-2 
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Your best move... 


... When any problem appears on the board _— any problem is started on, the better the chance 
is to check with Brayhead. Whether your of avoiding a stalemate—be it production, 
business is pressing (sorry!), components or — design or research; so move to B (Brayhead) 
springs, Brayhead can help you. The earlier _—_and let them solve it for you! 


BRAY HEAD aascor trp. 


FULL VIEW WORKS +- KENNEL RIDE ¢« ASCOT + BERKS 
Telephone: Winkfield Row 427/8 or Ascot 1907/8/9 : Telegrams: Brayhead Ascot 
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Introducing a NEW 50~A.C. SERVO motor 





by WALTER JONES 


manufacturers and designers of high class 
electrical rotary equipment for 39 years including 


100-444 —- - LE | 
|_| | | Phase 1 volts 100% |_| | 
NT Phase 2 volts as below’ 


+4 





TORQUE IN OZ. INS 























Moment of Inertia 
of the Rotor 
220 x 10-* slug ft? 





Servo Motors : | Converters and Invertors 
Frequency changers : Permanent-ma gnet an d Electro-ma gnet ‘ 
Rotary Transformers : | d.c. motors, d.c. generators and 
, Rites: WA LT E R J 0 N E S 
Tape recorder motors : 
High-speed motors : Fan blower motors : 
Synchronous motors : | Hand generators : s 
Single and polyphase induction motors : | Tachometer generators : (engi neers) 
Geared motors and gear units :| 5 
peed governors and a e gov 
Power and audible frequency alternators : | controlled machines : NEWLANDS PARK, SYDENHAM, LONDON, $.E.26 
Motor-driven geared interrupters for | Speed and frequency e rrectors Telephone No. SYDenham 6264-5-6 
the sending of complex repeating pulse 
rains : ‘ pecial res h and lab y equipment. 





cl 



















AUTOMAT. 
TRANSFORMERS 


ried 
iL 


RECTIFIERS - 


i 
DC. 


EQUIPMENT 
Yc be sL YOU CO bu y! 


WINTON - MANCHESTER 


| 
| 


| 
| 
4 


—= 





AUTOM 
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Jackson Brothers Butterfly Vane 
Trimmer, type C711/719, with 
capacity of up to 65 P.F. with 
0.015 in. air gap each half) and 
up to 15 P.F. with 0.045 in. air 
gap (each half). 











Yi 
y Sa TY TaN 
SW adh MA a) i 
JACKSON 
©? Tima type C701/709. Differenual 
YVROS. Condensers with capacities of YY 
seer eathe 8 up to 150 P.F. with 0.015 in. air Z 
LZ (LONDON) LT gap (each half) and up to 30 YY 
Be PF. with 0.045 in. air gap 


9) 


Y 
fy Y 
y Yy 
Uff 


KINGSWAY-WADDON~- SURREY Telephone Croydon 27545 
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INSTRUMENT CENTRE 


20 QUEEN ANNE STREET, LONDON W.! 
Telephone: IMPerial 6000 
(Press enquiries: LANgham 4251) 








Here the whole world can find the finest scientific 
instruments, key information and prompt advice. 
* Electronic and nuclear instruments 

* Navigational and survey equipment 

* Optical and ophthalmic instruments 

* Laboratory, medical and X-ray apparatus 

* Instruments for process control and automation 

* Kinematograph and allied instruments 

* All industrial instrumentation 















‘ 






Space donated by: 
The bese KERR Laboratories Ltd. 


OEBUCK ROAD, 
CHESSINGTON + SURREY 


THE SCIENTIFIC INSTRUMENT MANUFACTURERS ASSOCIATION OF GREAT BRITAIN 








’ 
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Hivac Limited 


ber of theA ic Teleph 
and Electric Group 








STONEFIELD WAY . SOUTH RUISLIP ~ MIDDLESEX 








to Gold Gathode Tubes 


for the most modern electronic 
switching and control systems 





Hivac cold cathode tubes provide flexibility, economy, 
long life and reliability 


diodes 

stable diodes 
the range includes |-difference diodes 
triodes and 
tetrodes 





our Technical Service Department is ready to 
provide further details of their characteristics or 
application. 


Telephone: Ruislip 3366 


Cl4b 








Spotlight on 


ROUNDS Sizes: % in. to 8 in. diameter. 


=, SQUARES Stave: 2 in. to 1 in. across 

SS, HEX | ng % in. to 1} in. across 
ats. 

> RECTANGLES Sizes: 4% in. to 1} in. thick, 
in. to 10 in. wide in } in. 


increments. 


10 in, and 12 in. dia. x } in. 


DISCS to 2 in. thick 


14 in, one ty te. dia. x } in. 


to 2 in 


Rounds,’ squares and des. supplied in long lengths suitable for 


on automa’ 


Polypenco Nylon Rod is the ideal material for ALL types of 
ee and chemical WF 


TOU CTION 

NOISE 1 DAE UNG ABRASION RESISTANT 
NON-GALLING RESILIENT 
RESISTA: NT Ta TO \ meruamcataed MEDIA IN THE RANGE 


es iD CAL INSULATOR FOR 


LOW 
FREQUENCY, HIGH VOLTAGE APPLICATIONS 


POLYPENCO LT". 68-70 TEWIN ROAD - WELWYN GARDEN CITY - HERTS. 


EE 12 142 for further details 
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A subsidiary of The Polymer Corporation U.S.A. “POLYPENCO” is a registered trademark 


POLYPENCO NYLON ROD 


@ Nylon is the generic term for the polyamide family of the following grades: Type 66, 
Type 610, Type 6, Type 11, MoS, and graphite filied Type 66. Each grade has specific 
properties for different operating conditions. The most complete range in the world of nylon 
sizes and shapes can be supplied in all commercially available grades by the pioneers in 
nylon shapes. 

A.R.B. & A.I.D. Approved 


TELEPHONE : WELWYN GARDEN 5581-2-3 
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London: 197 Gt. Portland St., W.1 
Silhill House, 2235 Coventry Rd., Sheldon, Birmingham 26 


Birmingham: 


AUGUST 


1959 


12 way Plug and Socket in Mikacin Moulding 


CARR FASTENER CO LTD 
Phone: Langham 3253/4/5 





Manchester: 50 Newton Street, Manchester 1. 


The range of Cinch ‘“‘J”’ type plugs 
and sockets includes 4, 8, 12 and 
20 way types. Both plugs and 
sockets are suitable for cable 
connecting or for inter-chassis 
connection as unitors. 


The specially designed contacts 
each have 12 resilient fingers which 
engage with the corresponding plug 
blade, resulting in high electrical 
efficiency matched by consistent 
smoothness of operation. 


| 


2 SE ew 








1 
Plug and Socket complete with shell 


STAPLEFORD - NOTTINGHAM 
Central 4057 


Sheldon 5208/9 Glasgow: 13 Queen {St., 


Glasgow C.1 City 3202 
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accuracy 
is essential 


—specify 
EUREKA, 
(cupro-nickel) 


(nickel-chrome) 














resistance wires and tapes 
for all types of resistor 





*Vacrom’ and ‘Eureka’ are supplied fully annealed in either a bright 
or oxydised finish in accordance with British Standard specifications 
or to customers’ own special requirements. 


insulated wires 


‘Vacrom’ and ‘Eureka’ resistance wires can be supplied bare or with bare wires 


standard coverings of cotton, silk, rayon, enamel and glass. cn 


LEYTON 





THE LONDON ELECTRIC WIRE COMPANY AND SMITHS LIMITED LONDON, E.il 









VACTITE WIRE COMPANY LIMITED 75 ST. SIMON STREET SALFORD 3 LA 








“B4” ey ae tae - Oe Rm 
ha. 
| 





Our standard 
range consists 
























mi 
DRAWER a ae ry rain ee mr of seven basic 
UNIT Me mes a stems and six 
a aay 4 l* 
mt ™ peice SO interchangeable 
ALL STEEL CES Bas mes : 
' Stove pales | = collar 
name ‘ ~ assemblies 
pad which, with 
colour coding, 
e gives a total 
—/ of 156 
42° HIGH combinations. 
36” WIDE With other 
12” DEEP 2 BA terminals 
* and a range of 


sizes covering 

ratings up to 

100 amp., 

the total manufactured 
runs into many 
millions. 


ISamp.2BA 
TERMINALS 


Contains 54 of these drawers, 
each 5° wide 3” high 11}” long. 


54 dividers and 54 drawer cards 
with each unit. Extra divider 
6d. each. 


£ | 8 DELIVERED FREE to 
ENGLAND, SCOTLAND AND WALES 


SEND FOR SAMPLE DRAWER — 


N. C. BROWN LTD. 


EQUIPMENT WING . HEYWOOD . LANCS. 
Telephone: Heywood 69018 (6 lines) 
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— 3322 — — Enfield 
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10,000,000 
to | 


continuously 
variable Range of 
Square Pulse Width 
Delay and Rate 





SSS 











@ SINGLE OR DOUBLE PULSES of either polarity. 
@ FAST RISE TIME—10 to 12 musec independent of control settings over a range of 20mV to 2V. 
@ AMPLITUDE—Accurately calibrated within 2%—20mV to SOV. 
@ NEGLIGIBLE RINGING, OVERSHOOT, JITTER and NO SAG. 
@ INTERNAL RATE GENERATOR—0-‘Ic/s to 1Mc/s. 
@ EXTERNAL TRIGGERING up to 2:5Mc/s from any wave form. 
@ SINGLE PULSE or PAIR OF PULSES by push-button. 


All these features make ithe NAGARD 5002 the most versatile 
PULSE GENERATOR javailable today. The diagram below represents its output. 








You can now visualise some of 
its many applications, for 
example :— 


TRANSISTOR CIRCUITRY — the 
testing of response characteristics, 
particularly in computer applications. 
COMPUTERS and all devices 
depending on gating circuits can be 
tested for response times. 
TRANSMISSION characteristics of -— H 
lines, networks, delays, etc. 
WIDE RANGE ACCURATE TRIGGER DELAY 4h< 
for C.R.O.s without this feature. r 
SERVICING Oscilloscopes and fault 
tracing in a variety of electronic devices. A. O-2pSEC. 

B. 2OVOLTS +ve OR ~—ve 
C. RISETIME O-O35y SEC 


To get the best results e) O-2pSEC.TO 2SEC. CONTINUOUSLY VARIABLE + 5% * O-O2pSEC. 


. P F. 20mv TOSOV+2% IN II STEPS VARIABLE +ve OR — ve 
use it with a NAGARD G. APPROK.O-O4pSEC 
H. RISETIME 1O-l2mpSEC. 20mv TO 2v. S-SOV DEPENDENT ON LOAD 


OSCILLOSCOPE © REPETITION RATE CONTINUOUSLY VARIABLE O-1c/s TO IMc/s+ 5% BY INTERNAL GENERATOR, 
‘ OR TO 2:5Mc/s BY EXTERNAL TRIGGER SOURCE. 











SINGLE 
MAIN PULSE 



























































18 AVENUE ROAD - BELMONT - SURREY 
Telephone: VIGilant 9161-2 
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Magnetron Magnets for RADAR 
% in Alcomax 


The ideal a fon the a 
| 
eo specially for the duty. Available in aay ae of sizes, 
Made in two bis each more perfectly heat-treated than is 


Gaiihi bs a one-piece magnet. Assembled by resin bonding 


eda 


PERMANENT MAGNETS |=. 


for industry 
——__ 


Write for literature 


161 PM. 160 PM. 185 
Resin-Bonded Start your Production Permanent Magnets 
Permanent Magnets Line Here 7 caaeed 


ee F 


Ne 
a emma Made by the designers & manufacturers of a permanent magnets & chucks 


JAMES NEILL & CO. (SHEFFIELD) LTD + SHEFFIELD » ENGLAND 
MB 


First in the field! 


WITH SIT-DOWN SHOTBLASTING.... 








This new Sit-Down Shotblast Machine is way out in front. 
Designed for day long blasting it is particularly suitable for 
female operators, eliminating fatigue and increasing production. 
Already installed by leading industrial establishments and proved 
beyond doubt a time saver and a production asset, we have no 
hesitation in recommending the new SBP/4I Shotblast Machine 
to all manufacturers requiring to clean, de-rust, de-scale and 
matt-finish metal prior to metal spraying, painting etc. What 
nore could you wish for ? 


BY GUYSON — IT’S GOOD 


Send for Leaflet SBP/41 (A) today. 


Gow Sam —- GUYSON INDUSTRIAL EQUIPMENT LTD. 
Regd. North Avenue, Otley, Yorks. Tel. 2456 
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- Lumps: grade 150 


- 600 


e Rods 


Silicon manufactured by PECHINEY is of the highest purity, being produced in the pure air of the 
high mountain Alps. ae 


UCLA F: U.K. distributors for selling agents : 
42 A ‘F.W. BERK & C° Ltd. P.O. Box 500. Berk House, Portman Square LONDON W.I. 
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LDING MACHINES 
* APM P ORTABLE —a completely portable 


injection moulder of-new design. 


* APM 22 Successor to the well-known APM 21— 
# oz. machine hand operated with interchangeable 


MOU 





Our new cylinders of different bore and selection of vices. 
rae * PNEUMATIC ADAPTER UNIT 
machines 


includes- * HYDRAULIC ADAPTER UNIT thes 


units convert the APM 22 and APM 21 machines to 
power operation. 


* APM 28 New 1 oz. hydraulically operated 
machine. 


For literature and prices write to— 


ASMIDAR PLASTIC MOULDING MACHINES LTD | 
10 TACHBROOK STREET, LONDON, S.W.I. Tel: VICtoria 5554 WwW 
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RESISTANCE WIRES AND TAPES 
| of highest grade 


eeee eo ees . 
*e+ @ . 
eevee 

ee *e 
. 
4 
eee ee 
eee eeeeoe 
Coe eoeoeoeoes 


Fully complying with relevant British Standards 


eee eee eee 


*?¢ 
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o.oo 0 0 0 .¢ 


eeeee 


Nickel Chromium 
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oe ee 
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Nickel Chromium Iron 


o-* . 
7 
*°¢ 

° 





Copper Nickel 


ROTATES OR RECIPROCATES 3% Pure Nickel 
MECHANICALLY OR sh also 


cee 


ELECTRICALLY 
COUNT ON... 


Stainless Steel 
and 


Fine Titanium / 
Resistance wires supplied down to 0.0006” 


and with characteristics 








suitable for vitreous enamelling 


COMPANY LIMITED 


MILLTOWN ST., RADCLIFFE 
Nr. MANCHESTER 
TELEPHONE: RADCLIFFE 2675 


+e¢ee¢o 2s @ 


ALLOY WIRE CO. LTD. 


Lawrence Lane, Old Hill, Staffs. 


Telephone: Cradiey Heath 66775. Telegrams: Wireloy, Cradley Heath 





**-e 7 - 
eee eee eee ese 
*e¢¢¢ 











MILAN—STAND No. 7333, SECTION,G ated 
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Why struggle with Mains Voltage Fluctuation ? 






























If you have any problem involving a.c. voltage 
regulation, the solution is to call in “Advance ’ — the 
C.V.T. specialists. 

Investigation of your problem may prove that 
a standard type Constant Voltage Transformer will meet 
the case; or maybe, a special design is called for. In either 
event, the wealth of experience gained by ‘Advance’ 
over many years in probing every aspect of mains stabilization 
provides the surest, quickest, and certainly the most 
economical, solution to your difficulties, 


«*VOLTAGE STABILIZATION ” 


This ‘Advance’ Booklet gives authoritative information on 
‘Advance’ Constant Voltage Transformers, and the service | 
available to deal with your particular voltage fluctuation 
problems. Send for a copy. 





TO ADVANCE COMPONENTS LIMITED 1) 
ROEBUCK ROAD, HAINAULT, ILFORD, ESSEX. 


Please send me a copy of your booklet ‘‘Voltage 


CON STANT VOLTAGE Stabilization by Advance.” | 
TRANSFORMERS II si os cic vaiisedcecscatindnsisucscin divin soc eepeisdaab eeempeampeuatuiren ‘ 
WIIG sii cecictcosnttehcitnncscvcsecsnimtbiodavaaiemal if 


POST THIS COUPONTODAY > eiititinn 








GD 10 Advance COMPONENTS LIMITED - ROEBUCK ROAD - HAINAULT - ILFORD . ESSEX - TELEPHONE: HAINAULT 4444 
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let Broxlea lighten your load 
Broxlea have brought contracting to 
the Electronic and Telecommuni- 
cations Industry to a fine art. In 
15,000 feet of up to date factory 
250 skilled operatives, under fully 
qualified direction, do cable forming, 
assembly, wiring, relay adjusting and 
many other similar jobs for most of 
the largest firms in the Industry. 


skilled workers 
- extra 


floor space production facilities 


+ for you 
expert supervision 
Such is the efficiency and economy 
resulting from Broxlea specialisation 
that main contractors’ time schedules 
can be improved and adhered to 
and production costs often reduced. 
If these things interest you, you 


should certainly contact Broxlea. 


BROXLEA 


trusted by the people 
you trust 


Broxlea Service is depended upon 
by several world famous firms in the 
Telecommunications and Electronics 
Industries—firms that are universally 
trusted. 


*To interested Executives we will 
gladly send three-dimensional colour 
photographs illustrating every aspect 
of the Broxlea Contracting Service. 


BROXLEA PRODUCTS LTD. PARK LANE BROXBOURNE HERTFORDSHIRE Phone: Hoddesdon 4455 
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READER INFORMATION 
SERVICE 


If you would like to receive further 
‘dorsiation about any item adver- 
tised, or mentioned in the Electronic 
ipment section, in this issue 
imply enter the appropriate ref- 
erence number(s) on one of the 
cards opposite and post to “Electro- 
nic Engineering” (no postage stamp 
if posted in Great Britain 

or Northern Ireland but overseas 
readers must stamp the card). We 
will contact the manufacturer or 


supplier concerned. No obligation 
is incurred. 


Si vous désirez recevoir des ren- 
i ts complémentaires sur 
tout article annoncé, ou mentionné 
dans la section de lEquipement 
Electronique, dans ce numéro, il vous 
suffira d’insérer le numéro (ou les 
numéros) de référence appropriés sur 
lune des cartes ci-contre et d’adresser 
la carte 4 “Electronic Engineering” 
(ne pas manquer d’affranchir). Nous 
nous mettrons en rapports avec le 
fabricant ou fournisseur intéressé. 
Cela me vous engage aucunement. 


Falls Sie tiber irgendwelche Artikel 
die in unserem Inserat oder im Teil 
‘Electronic + Equipment’ (Elektro- 
nisches Ausriistungsmaterial) dieser 
A erwahnt sind weitere Aus- 
wiinschen, bitten wir Sie die 
betreffende Referenznummer oder- 
nhummern einfach auf eine der Karten 
gegentiber einzutragen und dieselbe 
an “Electronic Engineering” (Brief- 
matke erforderlich) abzusenden. Wir 
uns mit dem betreffenden 
Fabrikanten oder Lieferantem in 
Verbindung setzen. Dies ist fiir Sie 
volistindig unverbindlich. 


Ecam urate xenaet umeTb Gomee 
RompoGusre csequuua oO mpozyxkrax, 
yaoMAnyrux 5 oObABNeHNAX MIH B 
Texere pasyena ‘‘Onextponnoe O6o- 
PyABakue’’ nacTonmjero HOMepa, mpo- 
CHM OTeTuTL ccInaemEt HOoMep(a) Ha 
‘O7HOR us KapToweK mM OTOpaBHTR ee 
MeHHOM lo"¥roBOM Mapxoit} mo 
mpecy “Electronic Engineering.”” Mui 
OM unTaTenn, Ges BCAKOTO OGmBa- 
a © ero CTOpoHM, C cooTBercT- 
& upmo# gabpuxautos man 
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Please arrange for me to receive further details about the products, the reference number(s) of which 
| have entered below. 

















Sapa g er ENS ele Bie anc ciiccinstpvctans EE.. Bn eka gteek EE... 
ik ent doa cs cians gee ancien aie EE a . 

ERIC AR aA a tne SOS EE.. EE _ RTE TR 
AADAC - SERN ROMS AS CRE oR capable EE 

Ba itu ERR EE SES ERR RR: ete ae MY RUSE ERA MO Eee 
Ertan lin I MOE ian packs cpt aid cine Shatonss Suivdaonnovicgivesoe padltnadanh adnan aii 
YOUR NAME...... as sespslnbsbppiceshipea lols amccainpsbianciiastooe POSIT OG a, rsicocfoisigndel io oteyeresntnntacdicasiuetiins ahd 
RRR SA RP sess ocnca phe ababhscasebacaeneovks igen lrapiesscasbilgdloeirselipetiesr ed UR baTadaitis dha ep Oiteb pagan Ws bbenicabagebs 
SAPO = GI SI akan sa Sanaa Sa eso nnset tc lnnopchetiennseeivndostadeipndvsnyoner vee bodes 





cen eee seeneeeereenerenenees see neeeseeeees tenses eerpeener ~seenee 








READER INFORMATION 
SERVICE 


Electronic 


Engineering 





Please arrange for me to receive further details about the products, the reference number(s) of which 
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erminettes ......... 


The Lead-Through and Stand-Off Terminals 
with Poly-Tetra-Fluoro-Ethylene (Fluon/ 
Teflon) Insulators and silver-plated Conductors. 


erminettes 


are SELF-SEALING, SELF-FIXING 


withstanding vibration at 20G at 1,500 
cycles; are moisture-repellent and have high 
insulation—from 3,000 to 25,000 volts accord- 
ing to size—a working range of temperatures 
from —80° C. to +300°C. and are available 
in 30 different standard types, each type in 

9 different colours. 


erminettes ... 


the World’s most economical Terminals, 
made and guaranteed by 
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YEO STREET, BOW COMMON, LONDON, &.3 








NEW 
MODELS 





We are pleased to announce new models in our range shortly 
to appear in Catalogue VAR.5. 


Meantime, may we send you advance information in list form 
giving several price reductions now operative and electrical details 
of the new types; the sheets are easily related to the present 
catalogue allowing a complete specification to be collated. 


Model ‘V3H” is available designed for a 240 volt 50 cycle 
supply, the output being variable from zero to 270 volts at 1 
ampere. The construction follows closely our Model ‘V5H’ 
providing a well designed low power “VARIAC” at a price 
attractive to designers who have to control small motors or other 
similar light loads. 


‘ZENTH 
““ VARIACS ” 


The Original Continuously - Adjustable Autotransformers 





LOWER 
PRICES 





For engineers covering heavy loads we have developed oil 
immersed ““VARIACS” in the series ‘50’, these being available 
with right angle drive for B.O.B. mounting; they are also useful 
for locations which necessitate protection of the winding. 


The ‘DUAL OUTPUT’ series is extended and provides a 
range from 0.58 kVA up to 7 kVA, the smaller models being 
re-designed and more compact. 


With the extension of a 240 volt 50 cycle supply, all 
““VARIACS” previously tapped for 230 volts are arranged for 
the higher voltage although other supplies can be covered to order. 


Only “VARIACS” have the exclusive **DURATRAK’ (British 
Patent No. 693406) contact surface giving overload capacity by 


minimising oxidation. 


* Regd. Trade Marks 


THE ZENITH ELECTRIC COMPANY LTD. 


ZENITH WORKS, VILLIERS 


Telephone: WILlesden 6581-5 


ROAD, 


MANUFACTURERS OF ELECTRICAL EQUIPMENT 


WILLESDEN 


INCLUDING 


GREEN, LONDON, N.W.2 


Telegrams: Voltaohm, Norphone, London 
COMPONENTS 


RADIO AND_ TELEVISION 
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A name that 
means something! 











EWRAY 


RECD TRADE MARK 


p.o.s000 RELAY 


...a@ name that means quality All VARLEY relays 
are built and adjusted to Post Office specification using 





new piece parts throughout. 


COILS All values from .1 to 100 K.ohms can be supplied, 
also double and sandwich windings. 





CONTACTS 
TYPE RATING MAXIMUM NUMBER 
a dl 150V. 0.3 amps 8MorB 8CorK 
ahem Bil oy tsame | twer 4G. 
Light/tiewy Duty f sseviesempe | 4MorB 2c. 
os Heavy By iiiantiacetscses a : kesioetbalnaie see * ea 
Hens iy Re at eapnisdenesi POE m waaseieaill 











A name that means promptness. Prototype samples can 
be supplied within 7 days—full production in 2-3 weeks. 


For further details write to Dept. R.4 


OLIVER PELL CONTROL LIMITED 


Cambridge Row, Burrage Road, Woolwich SE18 
Telephone: WOOlwich 1422 Telegrams: Olipel, London, SE18 


TA2547 
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MILTOID SALES 


DIVISION 
BX PLASTICS LTD. 


A Subsidiary of the British Xylonite Co. Ltd. 


STOCKISTS OF 


BX 
POLYSTYRENE 


Clear Crystal, Standard Commercial Quality 


A first-class rigid insulating material, supplied 
ex stock in sheets and rods in a range of 
thicknesses and diameters. 


Information and guidance on manipulation, 
machining and cementing available on request. 


34-36 Royal College Street, London, N.W.1. 
*Phone: EUSton 4146/7. ’Grams: Celudol Norwest London 














T.A.7853 
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STABILIZE your AC MAINS with the finest 
equipment, at a fraction of the normal cost :— 


FERRANTI 73-KVA MOVING COIL 
AUTOMATIC VOLTAGE REGULATORS 


Any stabilized output voltage in the range 200-250V can 
be selected by plug-board tappings. The selected output 
voltage is automatically maintained constant within +3%, 
at all loads 0 to 30/374 amps, when the supply voltage is 
varying over the range +8% to —12%. 

@ Frequency compensated 45-55 and 54-66 c/s. 

@ Excellent output wave-form. B 

@ Can also be used as a variable transformer. 

@ Unused. Complete with spares and Instruction Book. 


P. B.. CRAWSHAY, 
94, Pixmore Way, Letchworth, Herts. 


Precision — 


’Phone 1851. 




















CABINETS - CHASS'® * <"SES 


P. D. OVERELL 


& CO. LTD. 
HAMPTON HILL - MIDDLESEX. 


Tel : Molesey 287 


WINDMILL ROAD - 
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Forward Current Ratings from 
250 mA to 35 A 







% Low reverse currents. 


* Low forward voltage drop. 









* Suitable for high temperature | 
operation. | 





* 


P.1L.V. up to 400 v. 






* Available from production. 













SOLE LONDON 
DISTRIBUTORS of 


ELCOM 


MINIATURE MULTI- 
WAY PLUGS AND 
SOCKETS 


A full range of connectors from 
2 to 33 way, proven in use by the 
electronic industries of the world 











“@-MAX”’ CHASSIS 
— TWO NEW SIZES 
FOR 
ELCOM 


PLUGS & SOCKETS 


11/16” square .... 27/6. 
21/32” x 15/16” rectangular 35/- 





Potent Ne. 619178 Full list on application 


and Patents pending 





40 Page FULLY ILLUSTRATED CATALOGUE of Electronic 
and Hi-Fi Equipment free on application 


ERRY 


25 HIGH HOLBORN, LONDON, W.C.I. 
Tel.: HOLborn 6231/2 
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Pes 
“ PIW pia. 23” 

; 20 Watt Max. 
Range 1-500,000 ohms. 
Data Sheet No.5 















from the 
famous 
range of 


POTENTIOMETERS 


Between the latest miniature type ‘MW’ and the 
heavy duty type ‘PIW’ is a range of models that 
completely meets the exacting demands of today’s 
electronics and automation 


The standard ‘RELIANCE’ range covers from 1 to 
500,000 ohms and includes linear, log, semi-log and 
non inductive types, and depending on character- 
istics ratings up to 20 watts. 


RELIANCE MANUFACTURING co. (SOUTHWARK) LTD. 


SUTHERLAND ROAD: HIGHAM HILL 
WALTHAMSTOW - LONDON - E:17 
Telephone: No. (and cables) LARkswood 1118 


» MW dia. 23” 

| Watt Max. 9 
Range 5-50,000 ohms. 
GD.12 Dato Sheet No.! 
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Partridge transformers are good. But, 
with more than 25 years experience 
behind them in the making of the 
highest quality transformers you would 
naturally expect Partridge to make the 
best. 


The range of types, applications and 
mounting styles is wide, and new and 
better types are continually being added. 


A prototype service is also main- 
tained and one of our engineers 
can be at your desk to discuss 
your requirements within a few 
hours of a telephone call. Proto- 
types can generally be supplied 
within seven days. 


Pertridye 


TRANSFORMERS WITH A PLUS 


Roebuck Road, Chessington, Surrey 
Telephone: ELMbridge 6737-8 





Sole U.S. Representative: 


New York 7, N.Y. 
Tel: WOrth 2-5485 
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VALVE BASES (Stems) 
in Lead and Hard Glass 


VALVE SLEEVES 
QUARTZ CRYSTAL CONTAINERS 


We specialise in short runs to customers’ specifications 





We invite your enquiries, also for other Glass Parts for 
the Electronics Industry. 


DAY-IMPEX LIMITED 


Progress Works, Brunel Road 
Eastwood Industrial Estate, Southend-on-Sea, Essex 
Telephone: EASTWOOD 525296/7 


TRADE FAVOURITES 


CO-AXIAL PLUG TYPE CPI 


© Easy assembly ® Strong Structure 
® Perfect connection 




















AERIAL SOCKET TYPE CS3 

e pe mang insulated with new 

© Meets B.S.415 Pin Test 
specification 


© Robust construction 
© Trouble-free long life 


PANORAMA RADIO CO 


73 WADHAM ROAD, PUTNEY, LONDON, S.W.15 Telephone: VANdyke 5300 
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THE NORTHERN POLYTECHNIC 
Holloway Road, London, N.7. 


Principal: T. J. DRAKELEY, C.B.E., D.Sc., Ph.D., F.R.LC., F.LR.1, 





Department of Telec ications 


Head of Department: J. C. G. Gi_Bert, Assoc.I.E.E., . 
M.Brit.I.R.E., F.T.S. 





Full-time Day, Part-time Day and Evening Courses in Telecommunications 
Engineering in preparation for the Northern Polytechnic Diploma in 
Telecommunications, the Graduateship of the British Institution of 
Radio Engineers and the City and Guilds of London Institute Tele. 
communication Technicians’ Course and Supplementary Studies for the 
Full Technological Certificate. 

Full-time 1 year course in Radio Servicing and full-time 1 year course in 
Television Servicing, also part-time day release and evening classes are 
held in these subjects in preparation for the City and Guilds of London 
Institute and the Radio Trades Examination Boards’ Certificates. 


The Supplementary Studies covered are:- 
Advanced Telecommunications and Electronic Principles 
Communication Radio 
Basic Microwave Techniques 
Microwave Radio-Relay systems 
Radar and Radio-Navigational Aids 
Sound Broadcasting 
Television Broadcasting 
Digital Computers 
Analogue Computers 
Audio Engineering 
Pulse Circuit Analysis 
Special evening course in the principles and practice of Colour Television 
Engineering. 


All the above courses include practical laboratory and workshop 
experience. 


London fees: £30 per year, or £1] per term, plus £2 registration fee, 
for full-time courses. (No fee for students under 18 years of age). 


Evening class fees range from 40/- to 55/-. 

Enrolment for day classes by appointment. 

Enrolment for evening classes, 5.30-7.30 p.m., 22nd and 23rd September, 
1959. New term commences 28th September, 1959. 


Prospectus free on application to Secretary. 

















MOULDED TERMINAL STRIPS 


Moulded in Black Phenolic material, these Terminal Strips are 
available as single units with either screw or solder tag con- 
nections, with provision made for building up into units as 
shown in the illustration. Each strip has a 10-way capacity 
with silver-plated replaceable tags, connection-head screws, and 
captive nuts and with centre designation strip for easy marking. 


Size: Length 44” ‘width (with screws) 1” depth #”. 


Enquiries to: 


AUTOPHONE LIMITED 
539/547, Wandsworth Road, London, S.W.8 
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KnitMesh 6 
Electronic R.F. Shields 


KnitMesh, as its name implies, is a mesh structure of 
asymmetrical interlocking loops knitted from, monel, 


— CABLE CLI PS stainless steel, nickel, silvered copper etc. 


rkshop tia . When made into electronic R.F. Shields, as weatherstrips, 
Every year more and more millions of Insuloid — gaskets and spindle glands, the compressibility and 
on fee, Cable Clips are supplied to the Radio, Electronic, resilience of KnitMesh ensure good contact, even when 
Satie Mechemtion” Antnie Ten ~~, there are surface inequalities. No special machining is 

’ 1 sy, Ciectrica i ield, 
Conmuacting G8 Laborthecy Gnalesaent therefore required to produce a perfect shield 
manufacturing industries . . . that’s real proof of 
satisfaction and service by Insuloid NX, CY and X 
type Cable Clips. Insuloid Cable Clips secure 
cables, tubes and components wherever a high 
grade and secure fixing is required. For guaranteed 
reliable service in all climatic conditions. 















ember, 


KnitMesh spindle glands of 
Phosphor-Bronze prevent leakage 
through spindle holes. The resi- 
lience of KnitMesh ensures an 





excellent seal yet allows the spindle 
to rotate freely. 








KnitMesh flange joint gaskets are 
made slightly deeper than the 
grooves in the flange joint which 
ensures complete metallic contact, 
flange to flange. 





NX CLIP CY CLIP xX CLIP 





Made from highest 
grade nylon, strong- 
er than metal and 
twice as light, in 
sizes from ¢ in. to 
1 in. inside dia- 
meters. 


For dual cable runs 
in seventeen sizes, 
covering cable dia- 
meters */3, in. up to 
™/,, in. In highest 
grade hard P.V.C. 


-.and the bush which simply won’t come out! 


Manufactured in 
highest grade hard 
P.V.C. in twenty- 
five different sizes 
from ¢ in. inside 
diameter to 2 in. 
inside diameter to 
cover the smallest 
and largest wiring 





KnitMesh weatherstrip provides a 
simple method of achieving good 
contact between sheet metal covers 


and cabinets, without the necessity 






















of special machining. 





runs. 














KnitMesh 
Valve Jackets 


The combination of large 
surface area and resiliency 
produces a valve jacket which 
protects against vibration and 
has excellent heat exchange 
properties. It also acts as an 


Insuloid | ‘RING LOCK’ BUSH 


Here’s a bush specially designed for 
instant assembly. The Insuloid simple 
snap-on finger action is as quick as a 
thought and once it's fixed it stays 
fixed, guaranteeing no chafing, and no 
tools are required whatsoever. 


Insuloid Ring Lock Bush is non- 









s are metallic, fully tropical, high dielectric, R.F. Shield. 
con- is approved by all services and is com- illustrated is a KnitMesh Monel 
S as pletely secure under all working condi- ultrafine Valve Jecket 
acity tions. Another Insuloid time- : 
and and-money-saving component. . FULL DETAILS AND PRICES 
‘ing. geet c/ ON REQUEST. 
Send for fully descriptive literature WMHAHAASZ ' 


covering the full range of Insuloid 
Cable Clips and Ring Lock Bushes 
today. 


INSULOID MANUFACTURING CO., LTD 
Sharston Works, Leestone Road, Wythenshawe, M/C 
Tel: WYT 2842 & 3163 Grams: Insuloid, Manchester 
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36, Victoria Street, London, S.W.1. Tel. ABBey 2684 
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AUTOMATIC STRAIN 
GAUGE PLOTTING 


This equipment accepts information from 
600 strain gauges during load tests and 
automatically and quickly graphs results 
point by point, as the load is increased. 
The detailed state of the structure at all 
points is thus immediately visible to the 
operators throughout the test. 











ail, 











Dobbie Mcinnes (Electronics) Ltd. 


55, Kelvin Avenue, Hillington, Glasgow 
Telephone: Halfway 3364 

4, The Mount, Guildford, Surrey 
Telephone: Guildford 66385 





. OF 


EXTERNAL & INTERNAL 
MICROMETERS 


a 
HEIGHT 


GAUGES 


STANDARD 
MICROMETER HEADS 
MODIFIED AS 
REQUIRED 


SPECIAL 
MICROMETER HEADS 
MADE TO ORDER 


Catalogue Available on Request 


SHARDLOW MICROMETERS LID. 
PETRE STREET, SHEFFIELD, 4 


London Office:- W. J. Bithell Ltd., 41 Whitehall, London, S.W.1. 
Scottish Office:- 19 Waterloo Street, Glasgow, C.2 
A MEMBER OF THE GAUGE AND TOOLMAKER ASSOCIATION 
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THERMAL CONVERTERS 


—call them what you will, 
these tiny tubes are in fact thermo- 
couples in Vacuo obtaining their 
energy from a heater. A thermo-couple 
is a junction between two dissimilar 
metals which, when heated, cause a 
DC voltage to flow in the couple circuit. 
By connecting the thermal converter 
to a suitable DC moving-coil meter, 
measurements can be taken in 
RMS values of current and 
voltage, either AC or DC 
or superimposed DC. 





We manufacture a wide range of Vacuo-Junctions 
available as insulated or contact types and will 

be pleased to quote for your individual requirements. 
For our descriptive leaflet, write to:— 


f DEPARTMENT VJ3 
BEST PRODUCTS LIMITED 
FELIXSTOWE - SUFFOLK 
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TYPICAL FEATURES AND PERFORMANCE DETAILS OF WODEN RANGE OF TORQUE MOTORS 


TYPE MARK E.12 


ent of inertia of relay 
yon oe 3.8 x 10.7 slug fe 2 


Stiffness factor of relay armature 0.196 Ib.ft/radian 

Damping factor of the relay 1 x 10-41b.fe/ 
armature rad/sec 

Torque constant of the relay 10.2 Ib./ft/amp. 

Back E.M.F. constant of therelay 14.3 volts/rad/sec 

Coil impregnation Solventiess varnish 


TYPE MARK E.13 

A new development which has an almost identical 
performance to the Mark E.12, but is designed as a 
split pole piece assembly and a bobbin type coil which 
is a separately encapsulated assembly. This unit is 
offered as being climatically superior. 


TYPE MARK E.16 This is a solventiess varnish 
impregnated design giving the following performance: 
Standard coil resistance 10,000 ohms 

Inductance of windings Not less than 10H at 750 ~ 


Insulation Not less than 20 megohms at 
volts 
Flash Test 1,000 volts 50 tycles between 


windings and poles 

Not less than 4° either side 
of natural centre 

Deflexion Current, Not more than 7 mA for 850 
Full Torque Output gm/cms 

Deflexion Current, Not more than | mA for 4° 
Zero Torque Output movement 

Dead Sector Not more than 10% of 
Angular Movement 

Approximately 400 cycles 


Angular Movement 


Resonant Frequency 


TYPE MARK €E.20 
This is a larger unit weighing 4 Ib. 3 oz. 
























Size 43” x 4” x 4" and giving the following figures:— 

TYPE MARK E.14 Linear torque output !20mA max. for 96 oz/inch 
: Angular Movement +7° Natural centre 

Constructionally as Mark E.12 but Resistance 630 ohms per side 
windings are on a special type inductance 700 MH (unmagnetized) 
core and this unit has a torque Coil impregnation Solventless varnish 
Mlustrated is the TYPE T.M.12 which can be used as an 
actuator/convertor between electronic servo or magnetic 
amplifiers and hydraulic, pneumatic or direct mechanical 
linkages. 














are proud te 
suacsted wth Of 27 inch/amps at 10 mA. 
‘asic atape Penton 
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BILSTON STAFFS 


WODEN TRANSFORMER CO.LTD| 


Phone. BILSTON 4268) 















Taylor Panel Meters? 


BECAUSE OF THESE OUTSTANOINS 
FEATURES: 

















% Centre Pole Movements with high torque to 
weight ratio. 


% Very high sensitivity (commencing from 5 
microamps). 


%* Inherent Magnetic Shielding. 
%* Extreme robustness and rigidity. 


DC 
MICROAMPERES 


%* Stick free operation. 

* Permanent method of dry balancing. 

% Exceptional coil clearance—trouble free gap. 
%& Proven reliability. 


MOVING C&L FeNfe RES B5Ka 


‘Competitive Prices - 
Prompt Delivery for prototypes. 


Taylor Centre Pole Meters can be supplied with scale lengths 
‘from 2”—5” in round or rectangular cases. 





Write for full details and free catalogue to 

TAYLOR ELECTRICAL INSTRUMENTS LTD. 

Montrose Avenue, Slough, Bucks Telephone SLOUGH 2/38/ 
EE 12176 for further details 
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DOES A FAN COUNT? 





Obviously, you must 


be absolutely sure 





that the fan used will 
be unfailingly reliable. 

ms And itis significant 
that the Solartron 
Electronic Group fit their 
Minispace analogue 
computer with a 


Woods Aerofoil fan. 





woobDs 
of COLCHESTER Ltd. 


BRAISWICK WORKS, COLCHESTER COLCHESTER SII!I TELEX 188) 
An associate Company of The General Electric Co. Ltd. of England 
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PLASTIC 


East 307+23 
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There is certain to be «€ 
SOMETHING OF INTEREST! 

to you among the following items from our stocks. ry 


SELSYNS for remote torque transmission 
MAGSLIPS for remote indication, power control and computers 
IPOTS for electrical computers. 


SINE COSINE POTENTIOMETERS AND RESOLVERS for 3 
electrical resolution 


VELODYNE MOTOR GENERATORS for servo control 
SERVO MOTORS AND AMPLIFIERS 

BALL AND PLATE UNITS for integration and variable speed drives + 
AMPLIDYNES AND METADYNES for remote control 
MAINS/BATTERY (12v) SUPPLY UNITS for mobile equipment 


Servo and Electronic Sales Ltd. 


1, Hopton Parade ,Streatham High Road, London, S.W.16. Streatham 6165 4 
Technical Dept: 43, High Street, Orpington, Kent. Orpington 31066 


WRITE FOR DATA SHEETS TO-DAY! 






















PRECISION 
GLASS 
MOULDERS 
FOR. 
25 YEARS 





The 
ENGLISH 
GLASS CO. LTD. 


EMPIRE ROAD 
LEICESTER 
Phone 23481/2 


| 
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VACUUM OVENS 
DOUBLE ENDED 
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Made throughout in polished 
stainless steel. 









Single action door openings 


Réctangular with shelf spac- 
ings to suit. 


@ Double ended controls. 








@ Electrical interlocking of air 
inlet and isolation valve. 






Outer cover hermetically 
sealed. 





@ Temperature Range 
0°—300°C or equivalent F. 









@ Temperature Control: 
Normal +73°C. 
Special +1°C. 









@ Internal Spacing 7” x8’ x 18” 
(can be altered to special 
requirements). 







@ Vacuum Range to 10-4 mm. 





@ Respective Vacuum Gauges 
incorporated. 





@ Automatic air inlet valve 
backing Pump. 


@ Visual Indicators and fuses on 
all switches. 


@ Flanged for fitting into Dry 
Box. 


R ul/) 


S ‘a 
~~ co. 


We design and manufacture Ovens to Customers’ 
special requirements. Should you have any problems 
in this field, our Technical Department is always willing 
to help you solve them. 


Vacuum Ovens with temperature of up to 600°C are 
also manufactured by us on similar lines but with 
Sectional Heating and Water-Cooled Ends. 


VACWELL ENGINEERING CO. LTD. 


WILLOW LANE, MITCHAM, SURREY 
Tel: MiTcham 82I1 


SPECIALISTS IN DESIGN & MANUFACTURE OF VACUUM EQUIPMENT 
RS EEL LE 5 OUI, RISA OE I 
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PRECISION DELAY NETWORKS 


@ HIGH ACCURACY DELAY 
@ LOW LOss 


@ WIDE RANGE OF STANDARD 
DELAYS, TOLERANCES 
& IMPEDANCES 








TERMINATIONS 
TO SUIT 
USER 


NOMINAL 
IMPEDANCES 
5002 — 10k Q 





50 musec. to 100 usec. 








Specialist Designers and Manufacturers of: 
@ STANDARD LABORATORY DELAY 
BOXES 


@ HIGH PRECISION DELAY LINES 


@ DELAY LINES AND NETWORKS 
TAILORED TO SPECIFICATION 
TO SUIT ALL APPLICATIONS 








DETAILS : 


LEXOR ELECTRONICS LIMITED 


ALLESLEY OLD ROAD, COVENTRY. Tel. 72614 

















UHF to MICROWAVE 
MILLIWATTMETER 


TYPE 14 















DIRECT READING (Range 2-5mW) 
CONSTANT MATCH 


NO THERMAL TRANSIENTS IN 
THERMISTOR MOUNT 


Send for Illustrated Brochure 


TELECOMMUNICATION 
INSTRUMENTS LIMITED 


Dept. A.E.E. Great Yarmouth, England 
P Telephone: Great Yarmouth 4941 
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STANDING WAVE METERS 


GRADE |I—Type No. 14/3 


- f + 





Type No., 14/3 - Waveguide Aperture, |.372” x 0.622” +0.0006” 
Type WNo., 14/3 Waveguide, 1.372" x 0.622” * Aperture, 
+0.0006" + Fiange, UG 344/U + Type, Z 830038 + Frequency 
Range KMc/s, 5.85-8.2 + Constancy of Probe Coupling over 
Carriage Travel, 0.04dB °* Carriage Travel,9 cms * Max. Refl. 
Coefficient, 0.00!i * Yariation of Ag from 


Nominal, 0.2% °* Accuracy of Indicated PRICE £355 


FLANN MICROWAVE INSTRUMENTS LTD. 


Scientific Instruments for Research and Education 
; 9 Old Bridge Street, Kingston-on-Thames, Surrey 
Telephone : Kingston 7217 




















P.0. Type 3000 


The most versatile relay 
available today. 


Coils up to 120,0000 
Spring Set Insulation up to 
5KV 






Also 
Type 600 

Polarised 

A.C. Relays 

High Speed 
Uniselectors 

Key Switches 

Latching Relays 
Magnetic Counters 
Miniature Sealed Relays 


Are you aware of the variety 
of contact build-ups we can 
assemble? Your problem may 
. not be as bad as it seems if you 
take advantage of our wide 
experience in the unlimited 
uses of this adaptable product. 


@ Quotation by return 
‘ @ Prototypes within 48 hours 
@ Good delivery guaranteed 


Consult the 
Seecatists / 


3 feck Dr vt (Pee la Ys ) Lid 


LONDON, W.! 


(DEPT.'E'!) FUDOR PLACE 
E ANGHAM 4821 


TELEPHONES =M 4 7960 
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A Product of Precision to the Finest Degree 
AT A PRICE WHICH HAS YET TO BE EQUALLED 






The ¢ The 
“Lorch” "— a4 “Lorch” 
KD 50 “B* Se KD 50 
Built by * an 4 ¥ te Send for 
World- . ne oe illustrated 
renowned a 2 - *~ Pamphlet 
makers of YF ‘aA Sl , of Watch 
lathes since : Clock and 
1885 big Instrument 

Distributed by ~ pon i 


JOHN MORRIS (CLERKENWELL) LTD. 


64 Clerkenwell Road, London, E.C.1 Tel.: CLErkenwell 6077 


Wholesalers of 
Pivot Steel — Drills (from .002”) — Tweezers — Pliers; 
Small Ultrasonic Cleaning Units, etc., etc. 


Send for General Catalogue 
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PHIL- TROL 
SOLENOIDS 


New 6 Page Leaflet (No. 108) 
now available. Covers small 
and medium solid core types 
including new types 45, 35, 





Quick Delivery— 


Solenoids are normally 36 and 37 
despatched same day as receipt | senjp FOR YOUR COPY 
of order NOW 





PHILLIPS CONTROL (G.B.) LTD. 


Dept. G7, Farnborough, HANTS. Tel: Farnborough 1120 
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“ SPINIATURE”’ 


PLUGS, SOCKETS, 
AND 
SOCKET STRIPS 


SUB-MINIATURE 


9 


SPEAR ENGINEERING CO. LTD. 


WARLINGHAM + SURREY 
Tel: Upper Warlingham 2774 




















SPECIALIST MANUFACTURERS OF 
HIGHEST GRADE 


INSTRUMENT WIRES. 


S COPPER AND RESISTANCE WIRES. 
ected 108 “MANGINSAX” — GENUINE MANGAN!N 
ENAMEL, SILK, RAYON COVERED. 


P.V.C POLYTHENE, P.V.C. MICROPHONE 
“INSUGLASS”". THERMOCOUPLE, erc. 


THE SAXONIA ELECTRICAL WIRE CO. LTD. 


Contractors to the Admiralty Wer Office Air Ministry 


ROAN WORKS, GREENWICH S.E.10 
Grams: “SAXONIST LONDON” — Phones: GREenwich 3713/4 
“GREENWICH CABLES & FLEXIBLES” 
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TWIN QUADRANT 
FADER by 


strument 


Lathes 


A new instrument providing two 
independent networks in a cut out 
5° x 1.13/32". 


Illuminated scales with colour change 
when arm reaches a 
predetermined position. 


Simple withdrawal of networks. 


Three auxiliary change over contacts 
per network. 


NOW IN PRODUCTION 


ELECTRONIC COMPONENTS 
WEEDON ROAD INDUSTRIAL ESTATE we oO RT bee A pe p T re) tw 


TELEPHONE NORTHAMPTON 2467 & 1873 
details 


H. ROLLET & Co. Ltd. London, Liverpool, Birmingham, Manchester, Leeds 
Rod, Tube, Sheet in Copper, Aluminium, and Alloys since 1896 


PAUCAVAITI 


easier living with guararteed 
5 





at 


quality and service 


r 
Bar a 
$4 WAN eg 


apces 
ced 


343 


YAMES BosTace 
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THE PHILIPS 


GM.6012 BROADBAND 
MILLIVOLTMETER 

























ty 
Ce 
s 0 

0 

\ : 

Eminently suitable for measurements inthe ,; Technical data 2 c/s...1 Mc/s better than + 5%. 

acoustical and ultrasonic fields, electrical Measuring ranges: 1 mV — 300V f.s.d. Input impedance: 1 mV...3 V range 4 Ma 

measurements of mechanical vibrations, dB scale from — 80 dB... 52 dB parallel with 20 pF. 

measurements on I.F. and A.F. amplifiers O dB=1 mW in 600 a (0.775 V). 10 V...300 V range 10 MQ parallel with 

and measurements on carrier telephone Frequency range: 2 c/s...1 Mc/s 10 pF. 

4 installations. Overall accuracy: 20C/s...100kc/s+2.5%. Mains supply: 110-245 V. 40-100 c/s. 
Sole Distributors in U.K.: Product of N. V. Philips, Eindhoven, 
INSTRUMENT HOUSE, 207 KING’S CROSS ROAD, W.C.I. TELEPHONE: TERMINUS 8444 (RCLO4T4) 
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PRESSINGS AND WIRE SHAPES 


In all metals to the finest limits for 








FREQUENCY METERS 


SIZES : 2} to 8” 


UP TO 5000 CYCLES | the Electronics and other Industries. 


PROMPT DELIVERY 


Large or small quantities. 


K. C. CLIPS LTD. 
Moat Farm Works, 
King’s Coughton, Alcester, Warwickshire 


Telephone : Alcester 119. 


A. C. SOLENOID type SAM. 


Continuous 14 ozs. at }”. 
Instantaneous to 54 lbs. 


Larger and smaller sizes 
available. 


Also Transformers to 7kVA 
3 Phase. 


Current Transformers 
100/§ to 2000/5 


THE ELECTRICAL INSTRUMENT All classes. 
ee R. A. WEBBER LTD. 























PARI 28 BL 


SEQUENCE METER both up to 5Kc. 


and full range of Switchboard instruments 
Ask for illustrated Catalogue 





SSL FLL FLA FP LFS LAPP FAFA AFFFAAFA FFI FFMFFSFFFAFFAEALFLEARAMALASLALOES 





a PE] PSECO! 
also the new SYNCHROSCOPE and Phase 
Ss 




















s 
HILLINGTON GLASGOW 3 18, FOREST ROAD, KINGSWOOD, BRISTOL Phone : 67-4065 
—— manna — 
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Illustrated is the Model S170. Other 
types include the Model S124, a magnetic 
contact relay which operates with a 
minimum power input of 0.004 
microwatt and the Model S115, a 
miniature relay, which functions as 
an “on-off’’ switching relay. 





ss age 


? 


steht? 


ish 


#. 


nities 


SANGAMO WESTON LIMITED - ENFIELD - MIDDLESEX 


Tel: ENField 3434 (6 lines) & 1242 (6 lines) Grams: Sanwest, Enfield 

Scottish Factory: Port Glasgow, Renfrewshire, Port Glasgow 41151 - Branches: London, CHAncery 4971 - Glasgow, Central 6208 

Manchester, Central 7904 - Newcastle-upon- Tyne, Newcastle 26867 - Leeds, Leejs 30867 - Liverpool, Central 0230 - Wolverhampton, 
Wolverhampton 21912 - Nottingham, Nottingham 42403 - Bristol, Bristol 21781 - Southampton, Southampton 23328. 
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The simplicity and reliability of relay 
control for a wide variety of applications 
has led to the ever increasing use of i] 
Weston Moving Coil Relays. 

Let us have a note of your relay problems 
and we will be pleased to advise on the 
most suitable model for any set of 
conditions. Enquiries should, if possible, 
be accompanied by full particulars of 
both control and local circuits. 
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This is it 





AT LAST, a sensible Diode Tester at a sensible price, small 

yet robust and packed with practical ideas. 

* Will test all semi-conductor diodes, including Zener 
types. 

* The diode, once connected, need not be touched until 
its complete characteristics have been taken. 

D.C. RANGES COVERED : 

* Current: 5 amps to 50 micro-amps full scale. Voltage : 
3 volts to 1200 volts full scale. Full scale indicator lamps 
reduce reading errors, give increased safety. 

* Both voltage and current ranges can be tailored to 
individual requirements. 


’Phone Walton 21302/3 or write for full specifications to 


R. E. THOMPSON & GO (/nstruments) LTD 


HERSHAM TRADING ESTATE - WAI TON-ON-THAMES « SURREY 
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HAVE YOU - 
5A COMPONENT - 
PROBLEM? - 
Pressed, Fabricated and Deep S 
Drawn Components for the = 
Electronic and Radio Indus- . 
tries are our business; what- *~ 
ever you need, Chassis, Cases, 7 
Panels, Fixing Brackets, etc., cS 
we can make them to your ‘s 
specification. ° 
MANY STANDARD = 
TOOLS IN STOCK S 


We produce in:- 


STEEL - ALUMINIUM 
BRASS - PHOSPHOR BRONZE 
NICKEL SILVER 


Self colour, plated, and/or 
stove cnameiled. 


Please send us your enquiry. 


SURREY STEEL 


COMPONENTS Sse 
74-76 Church Road, 
London SWI3 Phone av ¥ 6673/5 
DIED SESE RAE 
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Quartz crystals in hermetically sealed MATT 
cases or evacuated glass envelopes for j33>""° 
frequency control and filter applications. sue 
Y Be 
(: id STAL As supplied to all the major Airlines 32 
and Radio Manufacturers. apa: 


ENT 
pee 


segnineeky: 
BS 


Red 
sits 


ei 





Technical service available to assist in SVS ASS Sze 


formulating design specifications to 
UJ N TS customers’ special requirements. 

A.1.D. and A.R.B. approved. Brochure on request. 
BRUSH CRYSTAL CO. LTD. HYTHE, SOUTHAMPTON 


TELEPHONE: HYTHE (Southampton) 3031-2 CABLES: BRUDEV. HYTHE SOUTHAMPTON. 











[WITHOUT FAIL 
The Whole Year Through 


for 36/- 


For this small sum ‘Electronic Engineering” 
will be delivered to you on the last Friday of 
every month for a year. Be sure of a regular 
supply of the industry’s leading technical journal 
by filling in the coupon, and either handing it to 
your newsagent or sending it direct to:— 


Hectronic Engineering 


28 ESSEX STREET, STRAND, LONDON, W.C.2 


| enclose 36/- as a remittance for |2 issues of 
“Electronic Engineering’’. 


POOR e eee OOOO EEE EEE EEE HEHEHE HEHEHE HEHE EEE EEE EEE EEEEEeeeaee® 
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pecialists in the manufacture of Wirewound Potentiometers for over 
Bs years. COLVERN LIMITED are the foremost producers of these 
components in the United Kingdom. 
The extensive range of types in constant production comprises: 


e Standard Wirewound Potentiometers from 1 to 15 watts 
rating and including multi-ganged types. 

e A — range of sealed wir tic 

resistors conformi to British Joint ye ne 

Specifications RCS/121 and RCL/121. 

e A comprehensive range of Pr 7 Potent 
including Helical and Sine/Cosine types, man ny incorporat- 
ing the exclusive COLVERN Cans-cervection Ieviee 


TYPE 201 

SEALED 7; OPICAL POTENTIOMETERS 
Designed to operate under extreme climatic 
conditions and to meet the requirements of 
British Joint Service Specifications RCS. es The 
potentiometer is housed in a mi 
ing, and effectively sealed by a metal onatenens 
neoprene ‘O’ seals in the spindle-bush assembly. 
CONFORMS TO BRITISH INTERSERVICE 


STYLES RAC-RAD(CLR. 4239) 
(CLR.5237) HUMIDITY CLASS 


‘POTENTIOMETER 


Type CLR.26/00 MULTI-TURN Helical Potentio- 

meter has been developed primarily for mechanical drive 

and use in servo systems. Supplied in the popular ro-turn 

version, or with any number of turns in the helix from 3 to 

20, standards being 3-5-10-15 and 20 turns. The precision- 

ground stainless steel shaft is mounted in ballraces gi 

a smooth torque of 1-1} oz./in. and the a ne 

duralumin base has a locating spigot true with the shaft. 

SPECIFICATION: 

e Rating: 0.4 watts per turn. e Resistance Range: 

roQ-rokQ per turn. 
e Resistance Tolerance: Standard,i5%. 
Practical,+1%. 

e Absolute *Law Accuracy: Std.,+0.25% \ 10- 
Spec.,+0.1% f turn 

@ Max. Working Volts Spindle/Track 1ro00V D.C. 

e Effective Resistance Angle Tol.:+1°. e« Max. 

Starting Torque: 1} oz./in. 

Min. Angle between Taps: 90° 

Max. Ganged Sections: 2 


TYPE CLR. gies. 

CAM CORREC 

Originally iedaedt ter Radar Gunnery Equi 

ment this Potentiometer is undoubtedly . 

most accurate Potentiometer in quantity 

duction. In addition to applications in Hlec- 
tronic Computing it is an ~ instrument for 
use as a laboratory stan 

SPECIFICATION: 

e Rating: 10 watts. e Resistance Range: 
70000-150kQ. @ Resistance Tolerance: 
Standardis%. Best Practical,i1% 

e Absolute Law Accuracy: +0.04 

e Max. Working Volts Spindle/Track: 

eo Resistance 


















Best 








roooV D. Cc. . 
Angle: 315° + .25°- 
Mechanical Rotation: "360° cont. e Max. 
Starting Torque: 8.5 oz/in. 

Min. Angle Fessvenss Taps: 10°. 

Max. Ganged Sections: 4. 





COLVERN LTD., SPRING GODNS., 


ESSEX 


e ROMFORD 62222 


ROMFORD 


Telegrams & Cables COLVERN PHONE ROMFORD 
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Wire Strippers 


LUC ELECTRICALLY 
HEATED 
Strips thermoplastic 
& rubber insulation gg 
without effort Ret 











No damage 
to cable core 
or wire screen 


ERSA Soldering Appliances 


Minitype SOLDERING NEEDLES with ° 
screwed-in elements; 10, 20, 30 W., ¥ 
for finest electronic work 





— 


SOLDERING PENCILS 20, 30, 40W., for the 
Assembly Line and the Service Engineer 





Also availableye SOLDERING BATHS for 
Printed Circuits and for the Tinning of 
Enamelled Wire 


WTC Comprehensive Tool Range 


for Electric, Electronic and Allied 
Industries 


Box Joint Wiring Pliers, Sidecutting and Frontcutting Nippers, 
"9 


Special Pliers for tipcutting, securing circlips and thermo- 
shunting. 

Printed Circuit Pliers for crimping and cutting, bending and 
cutting. 

Wirestrippers, hand and bench type. 

Inner Core Ejectors for screened cables. 

Chrome-Vanadium Box Spanner and Screwdrivers, also with 
flexible shaft. 

Torque Wrenches and Torque Screwdrivers. 

Standard Piercing Punches, Ejector Pins, Locating Pins. 

Spring Tension Pins, Bushes, Sleeves, Bolts. 

Hard Needle Files, Diamond Files, Laps and Wheels. 


Apply for Catalogues EE! 


WELWYN TOOL Co. Ltd. 


Stonehills House 
WELWYN GARDEN CITY HERTS 


Phone: Welwyn Garden 5403-4 
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CLASSIFIED ADVERTISEMENTS 


Run-on Classified—The charge for these advertisements is 6d. per word. Minimum charge, 12s. Box number, 
2s. extra, except in the case of advertisements for ‘‘Situations Wanted, when it is free. 
Specially Spaced Classified—42s. 6d. per single column inch. 


Display Classified—Full Page, £64 (based on specially spaced classified rates). 


Half Pages, Quarter Pages and 


Eighth Pages pro rata. Copy dates: With proofs, 5th of preceding month. Without proofs, !Oth of preceding month. 


Blocks must be mounted. 


Advertisements for publication should be addressed to: 
Classified Advertisement Dept., ‘Electronic Engineering,” 28, Essex Street, Strand, London, W.C.2. 








OFFICIAL APPOINTMENTS 





APPLICATIONS ARE INVITED for the post 
of Deputy to the Chief Sound Recording Engineer 
of the. Nuffield Talking Book Library for the Blind 
with the prospect of ultimately taking full responsi- 
bility for work in the field of Sound Recording for 
the blind generally but with particular emphasis on 
Talking Books. At present the disc record is in 
general use but work on magnetic tape recordings is 
actively in progress and is expected to increase in 
volume and importance. The duties of the post may 
include any of the following: Making master records 
of selected books. Organising the copying of these 
for issue to blind “readers”. Technical advice on 
the purchase of new reproducing machines and the 
maintenance of existing machines. Development 
and application of new recording and reproducing 
techniques for the assistance of the blind. Negotia- 
tions with manufacturers of recording and repro- 
ducing equipment and material. Liaison with the 
Head of the Talking Book Library. Applicants 
should preferably be between 25 and 35 years of age 
but would be considered up to 45, and should 
desirably have had experience of sound recording in 
a responsible capacity. They should hold an 
appropriate Degree, and/or be a corporate member 
of one of the recognised professional Institutions 
but these qualifications might be waived in favour 
of a candidate who can offer exceptional previous 
experience of sound recording. The post, which is 
pensionable, would command an initial salary in the 
range of £770—£1,150 according to qualifications 
and experience. Applicants should be willing to 
serve for a probationary period of up to 2 years. 
There is an opportunity for promotion to a higher 
grade commanding a salary scale of £1,250—£1 450. 
Applications, which should be accompanied by 
copies of 3 recent testimonials and the names of 
personal referees, should be addressed to the 
Secretary-General, The Royal National Institute for 
the Blind, 224 Great Portland Street, London, pe 

W 1212 


A YOUNG MAN is required as an Assistant 
Electronic Computer Engineer for the maintenance 
of data processing system in Germany. Although 
computer experience is not essential, a full knowledge 
of pulse circuits is required. Additional training will 
be given in the U.K. on appointment. Applicants 
holding H.N.C. or equivalent should apply, giving 
details of age. education and experience, to Con- 
troller (P.A.3), NAAFI, Esher, Surrey. Ww 


BRUNEL COLLEGE OF TECHNOLOGY. 
Woodlands Avenue, Acton, W.3. Middlesex County 
Council Education Committee. There is a vacancy 
for a Lecturer in the Department of Electronics, to 
teach the subject in the Diploma of Technology and 

gree Courses. . The post requires good under- 
standing of the fundamentals and applications of 
Electronics, and industrial or research experience is 
necessary, while University or Technical College 
experience is desirable but not essential. The Depart- 
ment is responsible for the teaching of Electronics 
throughout the College. Every encouragement is 
given to staff to undertake research. The College, 
which occupies very pleasant modern buildings, is 
new and developing rapidly. Salary in accordance 
with the Burnham (Technical) Report, i.e. (for men) 
£1,260 x £31 10s.-£1,417 10s. plus London allowance. 
Applicants should write immediately to the Principal 
(s.a.ec.), C. E. Gurr, M.Sc., Ph.D., Clerk to the 
Governing Body. W 3519 


MEDICAL RESEARCH COUNCIL invite 
Teucetoas for the ay ornare of Electronics 
th their vironmental Radiation 

h Gro Leeds. Salary within the range 
£535-£655 or $645-£790, depending on qualifications, 
age and experience. Applications, giving details of 
previous experience and the names of two referees, 
eed en td, Pre, Dawe nt of 
Medical Physics, teed of Leeds, The General 
Infirmary, Leeds, 1 W 3543 


ELECTRONIC ENGINEERING 


D.S.LR. ROAD RESEARCH LABORATORY 
(Traffic and Safety Division), Langley, Bucks., 
requires Scientific Officers/Senior S.O.’s for work on 
one or more of the following:—Planning of sampling 
surveys; Theoretical aspects of traffic flow; Applica- 
tion of electronic computers to traffic and safety 
matters; Application of traffic engineering principles 
to solution of traffic problems; Development of 
electronic and other equipment for experimental use 
in vehicles; Experimental and theoretical investiga- 
tions into accidents; Relationships between injuries 
and vehicle design. Qualifications: Ist or 2nd Class 
Honours Degree or equivalent, qualifications in 
Physics, Mathematics, Statistics or Civil and 
Mechanical Engineering. At least three years’ post- 
graduate experience for S.S.O. Salary (S.O.), 
£635-£1,120 (with allowance for post-graduate 
ye and National Service); S.S.O’s, £1, _— 
420. Equal pay scheme. Normal prospects 
saaaiun in mid-thirties to P.S.O. (£1,460-£2 ono) 
with possibilities of higher posts. Forms from 
M.L.N.S., Technical and Scientific Register (K), 26 
King Street, London, S.W.1, quoting reference 
A.254/9A. W 3537 


MIDDLESEX COUNTY COUNCIL. La- 
boratory Assistant (Misc. IV, £620-£680 if over 26) 
to work in Physics and Electrical Laboratories in 
Department of Science & Engineering at Isleworth 
Polytechnic, London Road, Isleworth, Middx. 
Applications forms (s.a.e.) from Principal, returnable 
immediately. (Quote B.32 E.E.) 35 


MIDDLESEX COUNTY COUNCIL. La- 
boratory Technician required initially in Department 
of Science & Engineering, Isleworth Polytechnic, 
London Road, Isleworth, Middlesex, for work in 
physics and electrical laboratories. Salary, Mics. IV, 
56 0-£680 (if over 26). escribed conditions, 
Application forms (s.a.e.) from Principal, above 
address, returnable immediately. (Quote Z.880 waa 


PATENT EXAMINERS AND PATENT 
OFFICERS. Pensionable posts for men or women 
for work on the examination of Patent applications. 
Age at least 21 and under 28 (35 for Examiners), with 
extension for Regular Forces Service and Overseas 
Civil Service. Qualifications: normally first- or 
second-class honours degree in Physics, Chemistry, 
Engineering or Mathematics, or equivalent attain- 
ment, or professional qualification, e.g., A.M.I.C.E., 
A.M. Mech.E., .., A.R.I. Cc. London 
salary (men), £655 to £1 '460; provision for starting 
pay above minimum. Promotion prospects. Write 
—— oe eye 17 North Audley Street, 
Lond for application form, quoting 
$128/59, ms “Guine date of birth. W 3536 


ROTHAMSTED EXPERIMENTAL STATION, 
Harpenden, Herts. Engineer for Statistics Depart- 
ment to assist with maintenance of electronic digital 
computer and associated punched paper tape equip- 
ment. There will be opportunities to join in develop- 
ment work on a magnetic tape system. Applicants 
who are not graduates should preferably hold 
ey A —~se— _ Co of: Assistant Experi- 
menta (£472-£830) or Experimental 
Offiexe (£954-£1, 166) ioc on age, qualifica- 
tions and experience. Superannuation. Apply to 
Secretary, giving full particulars and names of two 
referees. W 3530 


TECHNICIAN REQUIRED in the Electrical 
Engineering Department. Some experience in 
maintenance of measuring instruments and electronic 
equipment. Some mechanical experience an advant- 
age. O.N.C. preferred. Salary according to 
established University scales plus London Kings Colne 
Application, in writing, to Secretary, King eo 
Strand, W.C.2. 





rt gg lb COLLEGE OF NORTH 
ALES. Electronics Technician required for the 
be wel of Electronic Engineering. Applicants 
should hold National Certificate, City and Guilds or 
equivalent qualifications in Electrical Engineering or 
Telecommunications, and should have had wide 
practical experience in some branch of electronics or 
radio. Salary scale, £745 x£20—£825. Pension 
Scheme. Applications, giving details of 
qualifications and experience, together with the 
names and addresses of two referees, should be sent 
to the Registrar, University College of North Wales, 
Bangor, as soon as possible. W 3535 





SITUATIONS VACANT 





BRITISH MAN UFACTURE AND RESEARCH 
CoO., LTD., have vacancies for men with initiative, 
in each of the following grades: (1) Electrical 
Development Engineers: Graduates, age 25 to 35, 
to undertake the development of advanced electro- 
mechanical control equipment in the laboratory 
and in the field and to carry out technical liaison with 
associated companies in Britain and abroad. Kanow- 
ledge of basic servomechanism theory desirable, 
(2) Junior Circuit Designers/Draughtsmen: H.N.C. 
or equivalent, to carry out control circuit design in 
drawing office and laboratory under the guidance 
of a senior engineer. Pension/superannuation 
scheme, canteen, sports and social facilities available. 
Written applications with full particulars, including 
age, qualifications, experience, and salary required 
to Chief Engineer, B.M.A.R. Co., Ltd., Grantham, 
Lincs., quoting ref.: B5/ELE. W 342 





BRITISH RAILWAYS RESEARCH DEPART- 
MENT. British Railways Research Department 
(Engineering Division), Derby. Vacancy for 
Scientific Officer Grade 2, required for interesting 
work on transistor and semi-conductor circuitry, 
together with field work involving the application of 
electronic instruments to engineering problems. 
Candidates should have good degree, previous 
experience of research not essential; consideration 
given to candidates about to take their degree, 
engagement being subject to their subsequent passing 
at required standard. Salary range, £665 to £985 p.a. 
(commencing salary according to qualifications 
and/or experience). Superannuation and certain 
travel facilities. Medical examination. Applications, 
stating age, experience, etc., to Director of Research, 
British Railways Research Dept., British Transport 
Commission, 222 Marylebone Road, London, N. ora 


DESIGN DRAUGHTSMAN, capable of work- 
ing on specialized rotating machinery, electro 
magnetic components and general circuitry, required 
by Research and Development Department of large 

aoment factory in London. Salary, £750 p.a. 
OX 


DEVELOPMENT ENGINEER with admin- 
istrative experience required to head up an Electrical 
Laboratory in London engaged in development of 
small motors, generators and electro mechanical and 
electronic components. Salary will be commensurate 
with age and experience but will not be less than 
£1,000 p.a. Box W 3550. 
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UNIT 

FIELD CABLE 
Illustrating the potting of TEST SET 
silicon junction diodes, the 
diodes being assembled on to This tester locates the 
a standard international octal position of breaks or short 
valve base thus providing a circuits in sheathed multiple 
plug-in rectifier capable of conductor cables to within 
.25 A.D.C. current with a fraction of an inch. 








a P.I.V 800-800. 














P.O. TRANSISTOR 
AMPLIFIER com INSPECTION MIRRORS 

This adjustable mirror, specially made for the G.P.O., is 
An example of the design particularly suitable for use on switchboards and in cable 
and manufacture of an forms where it can be inserted in a flat position and the mirror 
encapsulated transistor then inclined to the required angle for viewing. 
amplifier in epoxy resins. 

=—_> gO 














WHITELEY ELECTRICAL RADIO CO. LTD - MANSFIELD + NOTTS 


wsBi3! 
















SYNTHETIC RESIN BONDED LAMINATE 





brings you 
MATERIAL SOLUTIONS 


to your 


CURRENT PROBLEMS 


. . . because the range of PIRTOID Paper and 
Fabric base laminates affords all the machining 
qualities needed with consistent uniform dielec- 
tric and mechanical strength. Read _ this 
booklet, sent gladly on request. 








H. CLARKE & CO. (MANCHESTER) LTD 


Atlas Works : Patricroft - Manchester 


Telephone Nos. ECCLES 5301-2-3-4-5 
dm CK4 


EE 12 204 for further details 
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SITUATIONS VACANT (Cont'd.) 





DIGITAL COMPUTERS. A. V. Roe & Co., Ltd., 
Chertsey, have a vacancy for an Electronics Engineer 
in a rapidly expanding Computer Group which is 
concerned with the development of novel computing 
devices. Qualifications required are H.N.C. or 
equivalent together with experience in the design of 
pulse circuitry, preferably using transistors. The 
reference number to be quoted is C/PRW/E.113/E, 
and replies should be addressed to A. V. Roe & Co. 
Ltd., Hanworth Lane, Chertsey, Surrey. W 3515 


a 
DIGITAL SYSTEMS ENGINEER required for 
the complete engineering of advanced digital equip- 
ments from initial enquiry to final commissioning. 
Qualifications of honours degree level, experience 
with transistor pulse —_ and a knowledge of 
computer tech An tst 

opportunity to apply imagination, drive and initiative 
and to advance professionally with a growing 
Concern. Gresham Developments Limited, 195 
Uxbridge Road, Hampton Hill, Middlesex. W 3552 





EDWARDS HIGH VACUUM LIMITED, 
Manor Royal, Crawley, Sussex, have the following 
vacancies in their Research Laboratories: (1) 
Research Physicist to investigate the instrumentation 
and special techniques required for ultra-high 
vacuum. Applicants: should possess a degree, or 
equivalent, in Physics. Experience in the vacuum 
physics of electronic devices would a definite 
asset. (2) Junior Research Assistant to assist in the 
development of electronic instruments. Experience 
in the operation of vacuum systems would be a 
advantage. Applicants should hold Ordinary 
National Certificate in Applied Physics or Electronic 
Engineering, but preferably a Higher National 
Certificate. Commencing salaries will be according 
to age and experience. Both Pension and Bonus 
Schemes are operated. Housing available if from 
London Area. Write, giving full details of previous 
experience, to the Personnel Manager. W 3546 


ELECTRICAL DESIGN ENGINEER with 
specialised knowledge of low voltage rotating 
electrical machinery and/or electronics for Electrical 
Laboratory in London. Salary £800 p.a. Box W 3549. 


ELECTRICAL ENGINEER REQUIRED for 
work on design and development of industrial servo 
motors and associated components. Previous 
experience in this field desirable. Higher National 
Certificate or equivalent qualifications essential. 
Salary according to age and experience. Opportunity 
for promotion where ability and initiative is shown. 
Write, giving full details, to Personnel Manager, 
Evershed & Vignoles Ltd., Acton Lane Works, 
Chiswick, W.4. W 1205 


ELECTRICAL TECHNICIANS required for 
prototype and assembly work. O.N. preferred. 
Pension Scheme. Write age, experience and salary 
required, to AMF Ltd., 69 Tabernacle Street, + a a 


Tel.: CLE.! 3137. 208 
res POIs DESIGNER/E XPERIMENT- 


LIST, preferably with an interest in the 
pn of electronics to measurements in Physics 
and Chemistry. Techniques cover D.C. to 60Mc/s 
and are at present concerned mainly with nuclear 
magnetic resonance. This post offers an attractive 
opportunity to a young versatile engineer and 
demands theoretical design as well as practical ability. 
Commencing salary in the range £1,000 to £1,350. 
Applications to Chief Development Engineer, 
Perkin-Elmer Ltd., Beaconsfield, Bucks, or telephone 
Beaconsfield 2020. W 1213 





ELECTRONIC DEVELOPMENT ENGINEERS 
Due ‘+o expansion in our Development Laboratories 
vacancies exist for Engineers and Physicists for 
development work on transistor circuitry, servo- 
control, microwave equipment and pulse circuits. 
Candidates should hold a University Degree or 
equivalent and have about two years’ post-graduate 
experience. Apply, in writing, stating age, training 
and experience, to the Secretary, Barr & Stroud Ltd. 
Anniesland, Glasgow, W.3, quoting 922/T.16 on 
the envelope. W 3481 





ELECTRONIC DRAUGHTSMEN required by 
Scientific Instrument Makers for the preparation of 
Development and Production Drawings. Excellent 
opeerwaait for men = sound know of 

tronic Engineering. Apply, in writing, to Hilger 
& Watts Ltd., 98 St. Pancras Way, N.W.1l. W 3932 


ELECTRONIC. ENGINEERING 





ELECTRONIC ENGINEERING ASSISTANT 
required for work on the prototype construction and 
the development of industrial electronic instruments. 
Candidates, who should be under 30 years of age, 
should preferably be able to work from circuit 
diagrams and have some experience in workshop 
practice associated with the maintenance of electronic 
and other equipment. The position is progressive 
and there is a Pension Scheme in operation. Please 
write, giving full details, to the Staff Manager, High 
Duty Alloys Limited, Research Division, Slough, 
Bucks. W 3529 


ELECTROMECHANICAL and Electronic 
Development Engineers urgently required for 
interesting work on new aircraft instrumentation 
systems which include transistor amplifiers, data 
computers, instrument servo systems and gyroscopic 
devices. Minimum qualifications are that applicants 
shall have some practical experience in one or more 
of the above fields and should be up to H.N.C. 
standard. Apply, in writing, stating age and experi- 
ence, to S. G. Brown Limited, Shakespeare Street, 
Watford, Herts. W 1196 


ELECTRICAL ENGINEER, age, 25-35, with 
Degree or H.N.C. (Elec.), required for interesting 
development work on R.F. Induction Heating and 
Machine Tool equipment. Experience an advantage 
but not essential. Write to Chief Engineer, Delapena 
& Son Limited, Tewkesbury Road, ET ase 


ELECTRONIC ENGINEER required for a post 
in the Instrumentation Department of a major steel 
pre ~ducing company. The work involves the design, 
construction and commissioning of a variety of 
electronic and electromech instruments for the 
control of works processes. Applicants should 
possess a scientific or technical degree or equivalent 
qualification and have a thorough understanding of 
fundamental electronic principles supported by 
practical industrial or laboratory experience. Some 
knowledge of computing and communications 
techniques will be an advantage. This is a Senior 
Staff position in an expanding activity and a suitable 
candidate could find opportunities for further 
advancement in managerial as well as _ technical 
fields. Applications should be made in writing to the 

bour Manager, Samuel Fox and Company 
Limited, Stocksbridge Works, nr. Sheffield. W 1204 


ELECTRONICS ENGINEER aged about 30, 
required for construction and maintenance of equip- 
ment. A sound knowledge is needed of electronic 
theory and practical experience of the construction 
of equipment used in production and research. 
Write, giving full details of experience, to the Staff 
Manager, The Morgan Crucible Co. Ltd., Battersea 
Church Road, S.W.11. W 3557 


ELECTRONIC ENGINEERS. A few vacancies 
exist for Engineers to train as Project Leaders to take 
complete charge of overseas contracts. Candidates 
must be single, medically fit, and in the age-group 
25-29 years. Qualifications: B.Sc., H.N.C. or 
equivalent. Excellent remuneration and good 
prospects. Apply: The Decca Navigator Co. Ltd., 
Overseas Projects, Division Wymondely House, 
Little Wymondley, nr. Hitchin, Herts. W 1200 


ELECTRONIC ENGINEER ‘required, sound 
knowledge transistors, D.C. amplifiers, oscillators, 
etc. Superannuation Scheme. Write, stating age, 
experience, qualifications, salary required. Branden- 
burg, Ltd., 139 Sanderstead Road, South be goood 





ELECTRONICS RESEARCH LABORATORY 
STAFF. Senior qualified Electronics Engineers of 
Degree or Higher National Certificate standard are 
required for interesting work in connection with a 
number of projects in the field of electronics, 
including the application of transistors to television 
and similar equipment. Applicants must have 
suitable academic qualifications and experience in 
laboratory procedure. They will normally be 
expected to be able to handle a project from its 
inception to its final conclusion. Box W 340, 





ELECTRONIC TECHNICIAN. H.N.C. with 
Electronics or exceptional practical experience; 
maintenance and operation of magnetic playback 
systems associated geophysical ones country 
near Bromley, Kent. Box W 


ENGINEER REQUIRED with _ electronic 
experience to install and service electron microscopes. 
Training given to those without s ized experi- 
ence. Minimum qualification O. but H.N.C. 
standard preferred. Good ps conditions. 
5-day week. Pension Scheme. Apply, giving details 
of education and experience, to Aeon Laboratories, 
Beech Hill, Ridgemead Road, Englefield wre 
Egham, Surrey. 1216 


150 


_— —————— —___—________ 


ENGINEERS. There are several vacancies fo 
Engineers in the electronic development laboratories 
of a large London Engineering Company for: 
One Senior Servo-Engineer; One Senior Electro. 
Mechanical Engineer. Applicants should have hag 
at least three years’ design and development experi. 
ence in Servo-Mechanisms associated with machine 
tool control. H.N.C, mini qualification. Salary, 
£1,000-£1,500 p.a., according to experience. One 
Assistant Electronic Engineer for work on machine 
tool control. Minimum qualification ONC 
Salary, £750-£900 p.a., according to age and 
experience. Existing holiday arrangement will be 
honoured. Generous Superannuation and Life 
Assurance Scheme in operation. Applicants please 
reply, giving full details, to Box W 3511. 








ERICSSON TELEPHONES LTD. have in their 
Research Laboratories a number of vacancies for 
circuit designers and equipment engineers to = 
on nucleonic instruments, and interesting 
developments in electronic computing and switch. 
ing; both senior and junior posts are available 
Applicants should have a degree or equivalent 
several years’ experience of appropriate work for the 
senior posts; correspondingly reduced qu 

and experience will be accepted for junior post, 
Salaries will be in accordance with age, qualifications 
and experience. Applications, giving details of age, 
academic + training ee 
experience and starting salary requ’ sho 

sent to the Personnel Officer, Ericsson Tele: 
Ltd., Beeston, Nottingham. wis 


FIRST-CLASS WIREMAN wanted for wiring up 
prototype electronic equipment, later to act a 
foreman of assemb!y group. Good salary and 
prospects. N.W.10. Box W 1207. 





HEAD OF SEMICONDUCTORS Applica- 
tions Laboratory. A highly qualified Electronics 
Engineer is sought to take charge of the expanding 
Applications Laboratory of this progressive Anglo 
American Company. This situation offers scope for 
original thinking and inventiveness in the application 
of a growing range of germanium and silicon tran- 
sistors manufactured by the unique Philco processes, 
The man chosen will report to an Executive Director 
of the Company, will be paid a high salary and will 
enjoy attractive superannuation and other benefits 
Initial applications, including a brief outline of 
previous experience and training, should be addressed 
to The Personnel Officer, Semiconductors Limited, 
Cheney Manor, Swindon, Wiltshire. W 3510 





HIGH VOLTAGE RESEARCH. Graduates in 
Electrical Engineering or Physics or holders of the 
H.N.C. in Electrical Engineering, are required for 
experimental research on High Voltage Problems in 
a High Voltage Research Laboratory. The work 
covers a wide range and includes the construction 
and use of impulse voltage and impulse current 
generators, high direct voltage generators, and 
electronic equipment. Applicants should be able to 
carry out investigations without close supervision. 
Previous works, training and laboratory experience 
are desirable but not essential. Applications, quoting 
Reference N.13 and giving relevant personal details, 
qualifications and experience, should be sent to 
Personnel Manager, Metropolitan-Vickers Electrical 
Co. Ltd., Trafford Park, Manchester, 17. W 3524 





REPRESENTATIVES for correspondence abroad, 
high earnings, written instructions. Write: Fortuna 
Publishing Co., Vienna 1/8, Postfach 49.  W 343 
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EDISWAN MAZDA 30PL13 


For the information of set designers we are publishing details of 
individual 0.3 amp heater valves in our ‘First Preference’ Range for TV 
circuits. If you are a TV manufacturer we shall be pleased to supply full 
technical details of our ‘First Preference’ Range, together with a set of 


valves for testing, on receipt of your enquiry. 


The 30PL13 is a triode-output tetrode valve combination for 
use in the frame deflection circuit of a television receiver. 


The tetrode section is capable of delivering very high peak 
currents. This enables 110° cathode ray tubes operated at 15 to 16 kV 
to be scanned with H.T. supplies as low as 190 volts. 


The triode is a general purpose type with identical characteristics 


to the 6/30L2 and may be use 


d in the saw tooth generator circuit. 


(Characteristic curves for the 6/30L2 were published in the January 


issue.) 


Heater Current (amps) 
Heater Voltage (volts) 


MAXIMUM DESIGN CENTRE RATINGS 


Anode Dissipation (watts) 

Screen Dissipation (watts) 

Anode Voltage (volts) 

Peak Anode Voltage (Pulse 
Positive) (kV) 

Peak Anode Voltage (Pulse 
Negative) (kV) 

Screen Voltage (volts) 

Heater to Cathode Voltage 
(volts) (r.m.s.) 

Mean Cathode Current (mA) 

Grid 1 to Cathode Resistance 
(Self Bias) (MQ) 


Va(pk)max 
Va(pk)max 
Vg2(max) 


Vh-k(max)r.m.s. 
Tk(av)max 75 


Ih 0.3 


Vn 16 


Tetrode 
7.0 
2.4 


Triode 


1.0 


250 250 


2.0* 


0.5* 
250 


150+ 


Rgi-kq(max) 2 


150t 


*Maximum pulse duration 4% of one cycle with a maximum of 


800 microseconds. 


t+Measured with respect to the higher potential heater pin. 


TRIODE CHARACTERISTICS 
Anode Voltage (volts) 
Anode Current (mA) 
Mutual Conductance (mA/V) 
Amplification Factor 


Va 200 
la 10 
&m 3.4 
y 16 


TETRODE OPERATION IN FRAME TIME BASE 
Allowance must be made in circuit design, not only for component 
variation, but for valve spread and deterioration during life. Values of 
total tetrode peak anode current, for an average valve when new and at 
the assumed end-of-life point for any valve, are as follows: 


Average new valve 


Assumed end-of-life condition 


MAXIMUM DIMENSIONS 


Overall Length (mm) 78.5 
Seated Height (mm) 71.5 
Diameter (mm) 22.2 
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ANODE CURRENT—MIL LIAMPS 


Technical Service Department, 155 Charing Cross Rd., London WC2. 
Telephone: GERrard 8660. Telegrams: Sieswan, Westcent, London. 
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Tentative Characteristic Curves of Ediswan Mazda’ Valve 


Type 30PL13 
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NEW Triode Tetrode Specially Designed 
for 110° Frame Deflection 
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SITUATIONS VACANT (Cont'd.) 





INSTRUMENT LABORATORY ASSIST- 
ANTS required to work on installation, main- 
tenance and testing of electrical and electro- 
mechanical devices associated with nuclear power 
generation. Applicants should have experience in 
at least one of the following: electrical measuring 
instruments, recorders and controllers, electronic 
measuring instruments. Education at least to O.N.C. 
standard in Electrical Engineering required. Please 
write, giving full details of experience and education, 
to Personnel Manager (DWB/8), The General 
Electric Company Limited, Erith, Kent. W 3539 


JUNIOR ENGINEER. A. V. Roe & Co. Litd., 
Chertsey, have a vacancy for a Junior Engineer, 
having O.N.C. or equivalent, required in the Com- 
puter Laboratory to assist in the development of 
novel computing devices. Experience of computers 
and transistors would be an advantage. The refer- 
ence number to be quoted is C/PRW/R.114/E, and 
replies should be addressed to A. V. Roe & Co. Ltd 
Hanworth Lane, Chertsey, Surrey. W 3516 


PHYSICIST. Tullis, Russell & Co. Ltd., Paper 
Manufacturers, require a Physicist or Electrical 
Engineer to undertake development work in di- 
electrics and allied fields. Previous experience of 
work in similar lines desirable but not essential. 
Salary according to qualifications. Applications, 
iving details of qualifications and experience, to 
he Secretary, Tullis, Russell & Co. Ltd., Markinch, 
Fife, Scotland. W 3513 








PLESSEY. A vacancy exists in our Electronics 
Group for a Senior Design Draughtsman. The 
work covers a wide range of electronics equipment 
and a background of design and production of such 
equipments or of Precision Mechanisms would be 
particularly useful. This vacancy will carry an 
attractive salary and long-term prospects for the 
tight man. The Company operates Superannuation 
and Life Assurance Schemes as well as welfare, 
social and recreational facilities. Existing holiday 
arrangements will be honoured to the suitable 
applicant. Applications, which will be treated in 
strict confidence, should be addressed to the Employ- 
ment Manager, The Plessey Company Limited, 
Ilford, Essex. W 3525 





RESEARCH DEPARTMENT OF BROOK- 
HIRST IGRANIC LIMITED. Applications are 
invited from Research Engineers or Physicists for 
posts in the Research Department, based at Chester. 
The work of the Department involves investigations 
in new industrial control techniques and systems. 
The vacancies are particularly attractive to young 
graduates with initiative and ability, and who, for 
preference, have had experience in _ transistor 
circuitry. The Company have a Contributory Pension 
Scheme, and in certain circumstances it is possible to 
accept a transfer of contributions from other 
schemes. Assistance towards the cost of removal 
to Chester would be given. Application should be 
made on an appropriate form which can be obtained 
from the Personnel Officer, Brookhirst Igranic 
Limited, Chester. A member of the Metal Industries 
Group of Companies. W 3517 


SALES REPRESENTATIVE, Specialist Photo- 
graphy Company, would like to contact free lance 
representatives with contacts in the electronics 
industry. This could be profitable and complementary 
to main sales. Please write Box W 1211. 





SENIOR DEVELOPMENT ENGINEER— 
Electronics—with at least three years’ industria 
experience on Digital Computing techniques, and a 
Degree or A.M.I.E.E., is required in the South 
London Laboratories of Hilger & Watts Ltd. The 
successful applicant will take charge of a team work- 
ing on a wide range of transistor/valve logical and 
control circuit developments for use with high speed, 
high resolution optical digitizers and allied data 
handling schemes. Full details of Chief Personnel 
Manager, 98 St. Pancras Way, London, N.W.1. 
W3542 


TELEVISION TEST ENGINEERS. A leading 
Midlands Manufacturer has a number of vacancies 
for Test Engineers for work on the testing and 
fault-finding of domestic television receivers. 
Experience is preferred and basic electronic know- 
ledge is essential. Ex-Service technicians are par- 
ticularly suitable for this type of work. Those 
interested should apply, giving details of past 
experience, to the Personnel Manager (Ref. T.T.), 
Box W 3508 


ELECTRONIC ENGINEERING 





QUARTZ CRYSTAL ENGINEERS. A limited 
number of permanent staff vacancies are now avail- 
able to persons having experience with Quartz 
Crystal or the associated Piezo-electric devices. 
Additionally, there is a vacancy for a capable 
Electronic and Mechanical Mai Engineer to 
work on equipment for small component manu- 
facture. The posts are most suitable for those 
Possessing drive and initiative and are in new air- 
conditioned laboratories providing up-to-date equip- 
ment. For further information write: Personnel 
Manager, Cathodeon Crystals Limited. Linton, 
Cambridge. W 3527 








SENIOR ELECTRICAL ENGINEER for 
development and design of equipment employing 
magnetic amplifiers up to | MW. Qualifications of 
Honours Degree level necessary, experience of 
automatic control systems desirable and ability to 
engineer projects from inquiry to commissioning 
essential. Gain valuable experience and advance 
professionally with a growing concern: Gresham 
Developments Limited, 195 Uxbridge Road, Hamp- 
ton Hill, Middlesex. W 3558 





SENIOR ENGINEER (OR PHYSICIST) re- 
quired to be responsible for the development and 
design of electrical networks, filters, equalizers, etc., 
for line tr ission cc ication systems. A 
Degree, or equivalent qualification, is desirable. 
Applicants should be familiar with conventional, 
and preferably also with modern methods of network 
design, and must have experience in applying 
theoretical knowledge to practical problems. The 
position is of senior status and carries a com- 
mensurate salary. Write, giving details of age, 
qualifications, positions held and present salary, to 
the Personnel Manager, Telephone Manufacturing 
Co., Ltd., St. Mary Cray, Kent. All letters will be 
acknowledged and treated as confidential. 

W 3531 





TECHNICAL ASSISTANT required in the 
Technical Service Department of Siemens Edison 
Swan Ltd. Duties include liaison between the 
Department and Factories, together with the handling 
of technical correspondence, preparation of literature, 
etc. It is essential that applicants have a good working 
knowledge of radio and allied subjects, and possess a 
wide standard of English. Technical education to 
O.N.C. equivalent. Apply to Ref. J.A.R., Siemens 
Edison Swan Ltd., 155 Charing Cross Road, London, 
W.C.2. W 3509 


TELEVISION ENGINEERS, intermediate grade 
required, with experience of studio equipment for 
planning studio installations. Commencing salary 
(pensionable), £750-£1,000 according to experience. 
Apply Head of Television Broadcasting Department, 
Central Rediffusion Services Ltd., Television House, 
London, W.C.2. W 3483 


TEST GEAR. Applications are invited from 
Electronic Engineers with experience in the design 
and development of electronic production test 
equipment. Vacancies also exist for Maintenance 
Engineers and Calibration Engineers. These are 
staff appointments and there are excellent oppor- 
tunities for advancement. The successful candidates 
will be invited to join the Company’s Superannuation 
and Life Assurance Scheme. Please reply, giving 
full details, to the Employment Manager, The Plessey 
Company Limited, Vicarage Lane, Ilford, Essex. 

W 3512 





THE AUSTIN MOTOR COMPANY 
LIMITED, Longbridge, Birmingh Vv ies 
still exist for Electrical and/or Electronic Engineers” 
for training in the operation and maintenance of 
Electronic Data Processing Equipment and its” 
ancillary equipment. Men aged 22 to 28 are invited — 
to apply for these positions provided they haye 
attained the Higher National Certificate in Electrical 
Engineering or its equivalent. Men with knowledge 
and experience with Punched Card Machinery and 
in other branches of industrial electronics and its 
applications would have preference. Selected 
Engineers will receive three months’ intensive training 
and, if satisfactory, will receive an immediate increase 
in salary. These positions are permanent and 
Engineers filling them have first-class opportunities 
for promotion and advancement. The Company 
offers a five-day week and membership of its Pension 
and Life Assurance Scheme. Applications, stating 
age, qualifications and previous experience, to 
Personnel Manager. W 3554 





THE TECHNICAL ENGINEERING Di- 
VISION of the Metal Box Company Ltd., at 
Boreham Wood, Herts., have vacancies for Senior 
Development Engineers, Assistant Development 
Engineers and a Field Engineer. Development 
Engineers will take part in the design and application 
of electronic equipment for use_in the automatic 
control of production machinery. The Field Engineer 
will be engaged in the testing and installation of such 
equipment. Senior Development Engineers should 
have several years’ practical experience in a position 
of intermediate responsibility involving industrial 
control equipment, including electronic and electro- 
mechanical components. They should possess the 
ability to originate and develop a system from 
laboratory concept to factory tool and should be 
qualified to graduate or H.N.C. level. Assistant 
Development Engineers should have some knowiedge 
of electronic equipment and circuitry and some 
experience of industrial applications would be an 
advantage. They will assist the Senior Development 
Engineers with specific aspects of a given problem 
and should be in the process of obtaining qualifica- 
tions meriting promotion to the position of Senior 
Development Engineer. The Field Engineer should 
have had some experience of servicing industrial or 
military electronic and electromechanical equipment 
and should possess a working knowledge of electronic 
circuits. All the above positions are staff appoint- 
ments and are permanent and pensionable. 
Application forms may be obtained from Staff 
Division, The Metal Box Company Ltd., 37 Baker 
Street, W.1. Ref. TED/9. W 3556 


VICKERS RESEARCH LIMITED. Design 
Engineers. Applications are invited for posts in the 
Engineering Division of the central research organiza- 
tion of the Vickers Group. There are vacancies for 
work on novel Electro-Mechanical Hydraulic and 
associated devices. Recruiting will continue overt 
the next few months. Duties. The design of experi- 
mental and prototype equipment in conjunction 
with the scientific staff of the other divisions and the 
supervision of the construction of the equipment. 
It is to be preferred that the Design Engineers take 
an appropriate part in the experimental work in the 
laboratories. Minimum qualifications: Corporate 
Membership of a Professional Institution is desirable. 
A Degree in Engineering may be an advantage. 
Experience: Complete familiarity with drawing 
office and workshop practice. It is advantageous to 
have experience of working in liaison with scientists 
and engineering development for production. 
Salaries: Commensurate with experience and quali- 
fications. The appointment will be to the new research 
establishment in Sunninghill, near Ascot, but 
appointees may be required to work for some months 
at the address below, to which applications should 
be made. Vickers Research Limited, Brooklands 
Road, Weybridge, Surrey. 24 June 1959. _W 1202 
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SITUATIONS WANTED 





MECHANICAL ENGINEER, 30, seeks re- 
sponsible position small firm, or will undertake 
mechanical project under contract. University 
education, good research and design experience 
and Specialist knowledge high-speed paper handling, 
North London/Herts. Box W 1210. 


« EDUCATIONAL 


BATTERSEA COLLEGE OF TECHNOLOGY, 
London, S.W.11. Physics Department. The next 
series of lectures on Microwave Physics will begin on 
Monday, 5 October 1959, at 6.30 p.m. The course 
will deal with microwave theory, techniques and 
applications and is suitable for graduates in Mathe- 
matics, Physics and Electrical Engineering. Suitably 
qualified students may proceed, as part-time students, 
to the Internal M.Sc. Degree of the University of 
London or the post-graduate Diploma of the College. 
Further details and enrolment forms may be obtained 
from the Secretary (Microwave Courses). W 3520 





CITY AND GUILDS (Electrical, etc.) on “NO 
PASS—NO FEE” terms. Over 95 per cent suc- 
cesses. For details of modern courses in all branches 
of Electrical Engineering, Applied Electronics, 
Automation, etc., send fer our 148-page handbook— 
FREE and post free. B.I.E.T. (Dept. 337c), 29 
Wright’s Lane, London, W.8. W 316 


COUNTY BOROUGH OF BOLTON— 
Education Department, Bolton Technical College. 
Full-time Electronic Engineering Course. A three- 
year course in Electronic Engineering is now available. 
Candidates should be in the age range of 16 to 18, 
and have taken General Certificate of Education 
courses which,include Mathematics and Physics at 
the Ordinary and/or Advanced level, or equivalent 
courses in technical institutions. Suitable candidates 
may obtain exemption from Parts I and II of the 
Grad.1.E.E. at the end of the course. This rapidly 
developing industry offers new and attractive 

to lified men, and students who have 
passed “through the course are readily absorbed by 
industry. Further particulars may be obtained from 
the Principal, W 3469 





SURREY COUNTY COUNCIL. Ewell 
County Technical College. A course of 12 weekly 
lectures on “Transistors and Their Applications” 

will begin on Tuesday, 22 September 1959, at 7 p.m. 
The course will deal with basic Semiconductor 
Physics, transistor design and construction, transistor 
equivalent circuits, circuits using transistors in 
amplifiers, merators, computers, and power 
supplies. A nowledge of Elementary Physics will 
be assumed. Course fee, £1 2s. 6d. Apply immedi- 
ately to Head of Science Department, Ewell County 
Technical College, Ewell, Surrey. W 3534 


LEARN RADIO AND ELECTRONICS the 
New Practical Way! Very latest system of experi- 
menting with and p eaasies radio apparatas—‘‘as you 
learn”. Free Brochure from: Dept. EE 10. 
Radiostructor, 46, Market Place, Reading, wit 


THE POLYTECHNIC, 309 REGENT STREET, 
-l. Department of Mathematics and Physics, 
The following courses of lectures have been arranged. 
starting in September, 1959: (1) A Second Course of 
Electronics on Monday evenings, 6.30-8.30 (2) 
Modern Electric Network Theory, on Friday 
evenings, 7.00-9.00. Full particulars may 
obtained on application to the Director of eo 


THE POLYTECHNIC, 309 REGENT STREET, 
W.1. Department of Mathematics and Physics. 
A course of lectures on Electronics will be held on 
Wednesday evenings from 6.30 to 8.00, commencing 
30 September 1959. The course is suitable for those 
who wish to take this subject in the Graduateship 
examination of the Institute of Physics. Fee for the 
course, £2 Is. A Practical Course on Electronics 
will be held on Thursday evening from 6.00 to 9.00, 
commencing 1 October 1959. ee for the course, 
£2 1s. A detailed syllabus of the lectures is available. 
Application to attend the course should be made as 
soon as possible to the Director of a, 3522 


THE POLYTECHNIC, 309 REGENT STREET, 
W.1. Department of Mathematics and Physics. 
The following series of lectures will be held on 
Tuesdays from 7.0 to 8.30 p.m. Automatic Digital 
Computers, commencing 29 September 1959. 
Semiconductor Circuit Elements, commencing 
12 January 1960. Applications for prospectuses and 
enrolment forms should be made to the Director of 
Education as early as possible. W 3521 


T.V. AND RADIO—A.M.Brit.LR.E., City & 
one, oS T.E.B. Certificate, etc., on “NO PASS— 
NO FEE” terms. Over 95 per cent successes. For 
ute: a Examination and Home Training Courser 
(including practical a in all branches of 
Radio, T.V. and Electroni: write for 148-page 
yg B.LE.T. (Dept. 337H), 29 — s 
Lane, London, W.8. W 187 





SERVICE 





EXTRA PRODUCTION FACILITIES: Skilled 
workers + floor space + expert supervision = extra 
production facilities for you. See page was 500s 


METALWORK. All types cabinets, chassis, racks 
etc., to your own specifications. Philpott’s Metal- 
works Ltd., Chapman Street, Loughborough. we 


REMOTE CONTROL EQUIPMENT— Mag- 
slips, Selsyns, Servo Systems, etc. Consult Servo 
and Electronic Sales Ltd. Now! See our display 
advert. on page 140 of this issue. 





FOR SALE 





BARIUM AZIDE, for electronics industry, many. 

factured by Elgar Research Laboratories Ltd 3s 25 
Salisbury Grove, Mytchett, Aldershot, Hants, 
Cables: Elgares, Aldershot, England. Telephone: 
Farnborough (Hants) 2634. W 344 


GUARANTEED MAGSLIPS at low prices, 3in 

Resolver No. 5 (AP "rg 50v. 50c/s. Unused, 
each in tin, 35s. post 2s. Id. Large stocks of these 
and other types.—P. B. Crawahay, 94 Pixmore wa 
Letchworth, Herts. Tel.: 1851. W 32) 


2000 OIL-FILLED CONDENSERS—0.5 —05 
MFD. 2.200—2.200 volts—list 56/- each. 100 lots 
6/- each. Box W 3551. 





AGENCIES 





DISTRIBUTORS FOR THE U.K. and abroad 
wanted by Manufacturer of Resistance Wire Strain 
Gauges. Interested firms should write, giving a 
brief account of their capabilities to Box W 12 





PATENTS 





AMERICAN, CANADIAN & _— BRITISH 
patent rights ‘(new application) for sale covering 
method of dielectric heating and fusing ceramic 
into glass. Write Box W 1203. 


PATENT No. 710,471, “Electrical Connectors”, 
for sale or licence. For details apply Chatwin & 
Company, Chartered Patent Agents, 253 Gray’s Inn 
Road, London, W.C.1. W 1214 





CAPACITY AVAILABLE 





CABLEFORMS, capacity available for the 
manufacture of cableforms, looms, harnesses, etc. 
Long or short runs. High grade. Apply to a 
180 St. John’s Road, London, E.17 1215 





WANTED 





WANTED IN GOOD CONDITION— Vol. 
23, No. 283. September 1951: January and 
February, 1957: Index to Vols 24 and 25: February, 
May, 1955. Offers to Whitcombe & Tombs Ltd., 
Addle Hill, Carter Lane, E.C.4. W 3555 








A TECHNICAL WRITER 


is required at the Atomic Energy Research Establishment, Harwell, 
to prepare and maintain detailed technical catalogues and provide 
accurate technical advice to the Contracts Department for the purchase 
of a wide range of stores items for laboratory use. 


Applicants should have served a recognised engineering apprentice- 
ship or have had equivalent training and must have had experience 





including high vacuum apparatus. 


of H.N.C. would be an advantage. 





of the manufacture and use of laboratory equi 
A basic knowledge of electronic 
circuitry and components, wide inspection experience and possession 


Salary £1,085—£1,315. Housing and superannuation schemes. 


Please send a POST CARD for details to Group Recruitment 
Officer (5000/42), U.K.A.E.A., A.E.R.E., Harwell, Berks. 


and supplies, 











MULLARD SOUTHAMPTON WORKS 


SEMI-CONDUCTOR MEASUREMENTS 
AND APPLICATIONS LABORATORY 


A SENIOR ENGINEER 


is required to take charge of a group of a concerned with the 
application of transistors and d 
industrial and professional fields iets | industrial control, instru- 
mentation and line communications. 

The post requires initiative and sound judgement as the problems examined 
by the group are diverse. 
of Mr. E. Wolfendale in a new laboratory building which is nearing 
completion. Previous experience in all or some of the fields mentioned 
above is essential, but a detailed knowledge of transistors is not required. 
The Company’s conditions of employment will be found to be attractive 
and interested candidates are requested to apply in writing to the 


Mullard Southampton Works 
Millbrook Industrial Estate, Southampton 


tor devices in the 





work will be carried out under the direction 


Plant Personnel Officer 
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ENGLISH ELECTRIC AVIATION LTD. 


GUIDED WEAPONS DIVISION 


LONDON DESIGN OFFICE - FINSBURY SQ. EC2 


STEVENAGE - HERTS 


LUTON - BEDS : 


Senior Designers 
& Draughtsmen 


FOR NEW DEVELOPMENT WORK 


We are again increasing our engineering and design effort because of expanding requirements of our major development projects. 


We have the following important positions to fill in our Guided Missile organisation, one of the largest and most compre- 
hensively equipped in Europe. The Company forms part of one of the largest engineering groups in the United Kingdom with 


many diverse products. 


VACANCIES IN LUTON, STEVENAGE AND LONDON 


Senior Mechanical Designers 


Qualified men with sound practical design background are required 
for senior posts. Duties involve responsibility for the work of 
design and detail draughtsmen on a wide range of mechanical 
and electro-mechanical equipment or in the more specialised field 
of precision instruments. A knowledge of dynamic design 
principles and practice is required for application to launching 
systems, handling gear, packaging, transport, field assembly 
equipment and airborne electro-mechanical and servo equipment. 


Senior Hydraulic Designers 


Vacancies similar to those above, but requiring experience in high 
and low pressure hydraulic control equipment for use on airborne 
electro-mechanical and servo equipment, airborne power supply 
systems, ground based control equipment and test gear. 


Senior Electronic Designers 

Similar vacancies for men with experience in the design of electrical 
and electronic equipment including airborne guidance equipment, 
ground control and launching equipment, telemetry and test gear. 


Senior Airframe Designers and Stressmen 
Qualified men with experience in design or stress analysis on 


missile structures or airframes are required for work on problems 
involved in high speed flight and dynamic ground based structures. 


Electrical, Electronic, Mechanical, Hydraulic, Airframe and 
Instrument Draughtsmen 

Young men with workshop and drawing office experience, pre- 
ferably taking courses or study leading to H.N.C. required for 
detail design development work in our drawing offices. 


HOUSING AND AMENITIES 


Assistance may be available to enable you to obtain housing in the Luton and Stevenage areas. 


The Company operates a contributory pension and life assurance scheme for which staff are eligible after an initial qualifying 


period. 


There are sports and social clubs with extensive grounds and a great variety of well-supported activities. 


Enquiries: We should be glad to hear from you. If interested please write, in confidence, to Dr. D. A. Layne, Dept. CPS., 
Marconi House, Strand, London, W.C.2, quoting Ref: EE 1316Q. 


AUGUST 
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SITUATIONS VACANT (Cont’d.) 





areas. 


Scheme. 


Ferranti Ltd. 
WYTHENSHAWE 
Manchester 


have vacancies in their 


for 


Forms of application can be obtained from: 


T. J. LUNT, Staff Manager, 


Ferranti Limited, 
Hollinwood, Lancs. 


Please quote ref: AS. 


ELECTRONICS LABORATORIES 


TECHNICAL ASSISTANTS 


Applicants should be of graduate status or hold H.N.C. 
preferably with Electronics endorsement and should 
have experience in the semi-conductor field. The 
work will involve crystal pulling, machining, develop- 
ment of electronic test gear and ancillary apparatus. 


The Laboratories are housed in a modern building 
in pleasant surroundings with easy access to rural 
Salaries will be fully commensurate with 
qualifications and experience with the benefit of a 
Staff Pension Scheme and an Instalment Assurance : 








UNITED KINGDOM 
ATOMIC ENERGY AUTHORITY 


PRODUCTION GROUP 
INSTRUMENT MECHANICS 


Windscale and Calder Works, and Chapelcross Works require 
experienced men with knowledge of electronic equipment 
and/or industrial instrumentation for fault diagnosis, repair 
and calibration of a wide range of instruments used in 
nuclear reactors, radiation laboratories and chemical plant. 
This interesting work involves the maintenance of instru- 
ments using pulse techniques, wide band low noise amplifiers, 
pulse amplitude analysers, counting circuits, television, and 
industrial instruments used for the measurement of pressure, 
temperature and flow. 


Men with Services, Industrial or Commercial background 
of radar, radio, television, industrial or aircraft instruments 
are invited to write for further information. Training in 
our Instrument School will be given to’successful applicants. 
Married men living beyond daily travelling distance will be 
eligible for housing. A lodging allowance is payable whilst 
waiting for housing. Working conditions and promotion. 
prospects are good. 


Applications to:— 
Works Labour Manager, 
Windscale and Calder or 


Works, 
Sellafield, 
Seascale, Cumberland. 


Labour Manager, 
Chapelcross Works, 
Annan, Dumfriesshire, 
Scotland. 

















TELEVISION 


Regentone 


THE REGENTONE GROUP OF COMPANIES Offer 
opportunities to senior and junior engineers and 
draughtsmen in the laboratories of the manu- 
facturing division. 

Applicants should have experience in the fields 
listed below and be fully acquainted with modern 
techniques, including printed circuits. 


R.F./I.F. development; General 


Circuit development, T.V. 
Tuners, Wide angle scanning, 
Synchronizing circuits, etc. 


RADIO General radio design; produc- 
tion engineering of radio 
receivers. 

DRAWING Mechanical development of 

OFFICE ‘adio and television apparatus; 

c detail drawing circuit dia- 
grams, printed circuit masters 
and layouts. 

TEST Test equipment design and test 
EQUIPMENT 282" maintenance. 


These are permanent and progressive posts and offer 
excellent opportunities for interesting work and good 
remuneration in a modern and expanding concern. 
APPLY IN WRITING, stating age, experience and salary 
required, to TECHNICAL DIRECTOR, Regentone, Eastern 
Avenue West, Romford, Essex. 
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PHILIPS BRIXTON WORKS 
122 BRIXTON HILL S.W.2 


SENIOR 
DEVELOPMENT 
ENGINEER 


required for the High Frequency Heating Dept. 




































Graduate or Higher National Diploma. Experience in 
the H.F. field not essential. Successful applicant will 
ultimately be required to control a small development 
group and allied drawing office. Knowledge of pro- 
duction techniques essential. Duties will include 
liaison with the technical commercial group and direct 
contact with customers. Minimum age 27. 

















The department also has a vacancy for a 


JUNIOR ENGINEER 


Graduate or Higher National Certificate. Previous 
H.F. experience is not required 






















Applications for these vacancies should be sent to the 
Personnel Officer, at the above address. 
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Electronic Engineers ) 
















if you want *® the opportunity to apply your abilities 
creatively to new projects of absorbing 
interest 


* an informal expanding organisation with 
maximum delegated responsibility at all levels 


* rapid advancement based on ability and 








effective contribution 


if you have * design experience in Radar, Analogue, 
Digital, or Video techniques and systems 











we offer * exceptional opportunities in 





oe SIMULATION SYSTEMS, CHARACTER RECOGNITION, 
‘ SEPARATE DOCUMENT PROCESSING, SPECIAL- 
_— PURPOSE COMPUTERS, CYBERNETICS. 





Solartron have already given the world 
some of the most significant advances 
in electronics. Now, at Farnborough 
we are building one of the most 
modern plants in the world. 

Here are exciting oppor- 

tunities for really good men 






Eric Bull, Personnel Officer, 
The Solartron Electronic Group Ltd., Farnborough, Hants. 
Tel. Farnborough (Hants) 3000 


please contact * 
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Interstate Electronics Corporation 
ANAHEIM, CALIFORNIA, U.S.A. 


offers 


OUTSTANDING OPPORTUNITIES 


for 
TELEVISION ENGINEERS (28-40) 


The television requirements are an American equivalent 
to a B.Sc. degree with a minimum of one year’s experience 
in television design or industrial or broadcast television 
camera equipment. 


OR, four years’ experience in television design work 
in lieu of the degree, plus one year’s experience in television 
design or broadcast television camera equipment. 





OUR development work is well advanced beyond the 
present state of the art. Our growth in the electronics and 
television fields enables us to offer unequalled professional 
opportunities, outstanding working conditions and employee 
benefits. 


Anaheim is 34 miles from Los Angeles in the centre of 
the orange empire, and is in the heart of the Californian 
playground area with sunny beaches and snowy mountains 
equally accessible. 


If the applicant is accepted, travel expenses to the 
United States and Los Angeles will be paid. 


Write, giving full particulars of career and experience, to 
The Secretary, 


The Television Society, 166, Shaftesbury Avenue, London, 
WC.2. 






AVELEY ELECTRIC LTD. 
SOUTH OCKENDON, ESSEX 


INSPECTOR/TESTER for ELECTRONIC MEASURING 
INSTRUMENTS, WAVE FILTERS AND TOROIDALLY 
WOUND COMPONENTS. 


A.I.D. and A.R.B. experience essential. 


INSTRUMENT-SERVICE ENGINEERS for ROHDE & 
SCHWARZ and other top-flight measuring instruments. 
Good prospects include advanced training in Munich for 
right men. Dial SOO 3444, or write, 


AVELEY ELECTRIC LTD. 


SOUTH OCKENDON, ESSEX 

















ATTENTION ELECTRONICS MANUFACTURERS 
WANTED 


A responsible Company in the 
ELECTRONIC or ELECTRO-MECHANICAL 


field who will enter into a contract for the complete manufacture of a magnetic 
Dictation Machine to specifications supplied by a large well-known United 
States Company. The American Company is prepared to provide complete 
documentation, including working drawings, bill of material, material speci- 
fications , schedule of operations; also complete tooling. If necessary, technical 
help can be provided on an intermittent basis. 


Machines produced are for distribution to all markets including the United 
States. For further information and discussion please reply to Box W.3547 
c/o E.E. giving some indication of your facilities and experience. All replies will 
be held in the strictest confidence. 








MULLARD RESEARCH LABORATORIES 


Honours Graduates in Physics, 
Electrical Engineering and Mathematics 


Mullard Research Laboratories have vacancies in expanding 
teams engaged in various aspects of radio physics and 
electronics. 


The work is extremely varied and ranges from research to 
advanced developments and the design of complete systems. 
It includes basic investigations of the behaviour of materials, 
technique studies on components, circuits and devices and 
also specific equipment projects. 


Current activities for which particular vacancies exist include: 


High-speed computing techniques Radiocommunication 


Microminiaturisation Microwave systems 
Colour television Advanced magnet design 
Semiconductor device assessment Optics 


Ultrasonics 
Electron optics 


Parametric amplifiers 
Microwave ferrite applications 


The posts carry attractive and progressive salaries combined 
with excellent conditions of employment, including 
superannuation and life assurance. 


Applicants, with or without post graduate experience, who are 
under 31 years of age are invited to write to the Personnel 
Officer, MULLARD RESEARCH LABORATORIES, 
Cross Oak Lane, Salfords, near Redhill, Surrey, quoting 
reference ORG. 








Elliott Brothers (London) Limited 


AUTOMATION 
AUTOMATIC ELECTRICAL AND ELECTRONIC EQUIPMENT 


ENGINEERS in all grades up to executive status 
are needed for design and development work on 
automatic electrical and electronic equipment. 


The work will appeal to engineers with a flair for 
intricate switching devices and ingenious mechanisms. 
Experience with automatic telephone exchange or 
similar equipment would be an advantage. 


Attractive commencing salaries along with excellent 
opportunities for advancement will be offered to the 
successful candidates. 


Please write giving details of qualifications, experience 
and salary required to the Personnel Manager (Ref: 106) 
Elstree Way, Borehamwood, Herts, 


or telephone Elstree 2040 for an appointment. 
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J. F. CROSFIELD LTD. 
have vacancies for 
ELECTRONIC ENGINEERS 


to fill the following permanent and progressive appoint- 
ments which have been created to meet continued 
expansion of the Company’s activities. 


A SENIOR DEVELOPMENT ENGINEER is required 
by the BUSINESS MACHINES DIVISION to be 
responsible for the design of circuits for magnetic ink 
character recognition. For this important post an 
appropriate degree, H.N.C. or the equivalent, is 
essential; experience in pulse and digital techniques 
using transistors would be an advantage. 


ENGINEERS of various grades are required by the 
SPECIAL PRODUCTS DIVISION for a variety of 
development and application work in connection with 
automatic control equipment for the printing industry. 
In certain cases duties will include field work for which 
initiative, interest and the ability to act independently 
are essential. Suitable general industrial experience is 
essential and qualifications in the range O.N.C. to 
degree standard are desirable. 


To engineers of ability and originality these posts 
present challenging and absorbing technical problems 
in steadily expanding fields. Generous salaries will be 
offered with pension and life insurance benefits. 
Holiday arrangements will be honoured. 


Applications in strict confidence, quoting full details of 

past record, should be addressed to the Chief Engineer 

of the appropriate Division of J. F. Crosfield Ltd., 
2, Elthorne Road, London, N.19. 


















E(LIOTT 


Royal Navy and Royal Air Foree 
Senior N.C.0S * 


are invited to apply for vacancies in our Flight Trials 
Teams based at Brough, East Yorks and Warton, 
Nr. St. Annes, Lancs. These teams are developing 
electrical and electronic equipment for aircraft and 
Naval or Royal Air Force N.C.O.’s with experience 
of maintenance of airborne equipment would be most 
suitable. Men with equivalent experience will, how- 
ever, be considered. 


Promising individuals will be given an opportunity of 
transferring to our design and development team 
situated at Borehamwood in Hertfordshire. 


Applications should be addressed in writing to;- 


The Personnel Manager (Ref; 105) 


ELLIOTT BROTHERS (Lonvon) LIMITED 


Elstree Way, Borehamwood, Herts. 








UNITED KINGDOM ATOMIC ENERGY 
AUTHORITY 


INSTRUMENT MECHANICS 


The Dounreay Experimental Reactor Establishment 
requires experienced men with knowledge of electronic 
equipment and/or industrial instrumentation for fault 
diagnosis and repair and calibration of a wide range of 
instruments used in nuclear reactors, radiation laboratories 
and chemical plant. This interesting work involves the 
maintenance of instruments using pulse techniques, wide 
band low noise amplifiers, pulse amplitude analysers, 
counting circuits, television, and industrial instruments used 
for measurement of pressure, temperature and flow. 


Men with Services, Industrial or Commercial background of 
radar, radio, television, industrial or aircraft instruments are 
invited to write for further information. Training in our 
Instrument School will be given to successful applicants. 


Married men living beyond daily travelling distances will be 
eligible for housing. A lodging allowance is payable whilst 
waiting for housing. Working conditions and promotion 
prospects are good. 


Applications to:- 


Deputy Works Labour Manager, 
Dounreay Experimental Reactors Establishment, 
Thurso Caithness, Scotland. 








(Sobell and McMichael) 


have vacancies for a number of Senior Develop- 
ment Engineers for home and export television 
receiver development and transistor circuitry work, 
willing to travel abroad occasionally. 


Applicants should have a few years of successful 
design experience, preferably also professional 
qualifications or University degree. 


These appointments provide an excellent oppor- 
tunity for progressive engineers of exceptional 
ability to join a successful and rapidly expanding 
organisation. There is a Pension scheme and other 
amenities. 


Applications should be addressed to: 


Chief Engineer, 
Radio and Allied Industries Ltd., 
Wexham Road, Slough. 
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ELECTRONICS 


SENIOR 
DESIGN ENGINEER 


required by 


SUNVIC CONTROLS LIMITED 
HARLOW, Essex 


A vacancy exists for a Senior Engineer to direct a small 
team engaged on the engineering design of electronic 
equipment for production in small to medium 
quantities. Additionally, he will have the opportunity 
to participate in original circuit development work. 


This is a senior position and an age-range of 35-45 years 
is envisaged. Applicants should desirably be Graduate 
Engineers and members of an appropriate professional 
body, but the essential qualification is a considerable 
experience in design for manufacture in a similar field. 


A fully commensurate salary will be paid and there are 
excellent conditions of service, including Group pension 
facilities. 


Housing for rental if required. 


Applications, which will be treated in strictest confidence, 
should be addressed to the Personnel Officer. 











Electronic Application Laboratory 


SENIOR ENGINEERS 
ENGINEERS 
JUNIOR ENGINEERS 
ASSISTANTS 


Engineers and physicists are required for an Electronic 
Application Laboratory on the South Coast. They will 
be required to work on new techniques in miniaturi- 
zation and the design of equipment for use in extreme 
environments. 


Applicants for senior posts should be well qualified 
and have several years’ experience in the design and 
analysis of circuitry, using valve and/or transistors. 


A good appearance and personality is desired as work 
will involve customer liaison. 


Salary according to age, qualifications and experience. 


Pension and Life Assurance scheme. Housing 
assistance. Car allowance if appropriate. 


Full particulars to Box. No. W 3548. 








D. NAPIER AND SON LIMITED 
FLIGHT DEVELOPMENT ESTABLISHMENT 
LUTON AIRPORT, BEDS. 


SENIOR ELECTRONIC ENGINEERS are required to deal with an 
expanding programme of design, development testing, and the servicing of 
electronic apparatus. Applications are invited from suitably qualified 
Engineers who fulfil the followi i - 





eS F<Y 


Of degree, H.N.C. or equivalent standard with a background covering 
design and development experience of electronic work over a wide field 
using vacuum tubes and particularly semi-conductors and preferably 
including work on amplifiers using D.C., A.C., pulse techniques and 
servo systems. 


Applications in writing in the-first instance giving details of qualifications 
and experience should be directed to 


Dept. C.P.S., Marconi House, 
336/7 Strand, London W.C.2, quoting reference EE 806E 








CENTRAL ELECTRICITY 
GENERATING BOARD 


RESEARCH and DEVELOPMENT 
DEPARTMENT 


RESEARCH LABORATORIES, LEATHERHEAD, SURREY 
ELECTRONICS AND INSTRUMENT SECTION 


INSTRUMENT ENGINEERS required. “The Section provides an instru- 
ment service for all departments of the Laboratories and duties include 
the maintenance, calibration and repair of a wide variety of physical, 
chemical and electrical instruments. Candidates should have a Higher 
National Certificate or equivalent qualification. Experience in electronic 
or nucleonic equipment will be an advantage. 

Salaries on a scale within the range £570—£1,300 p.a., according to 
duties and responsibilities. 


Application forms obtainable from the Personnel Officer, 24/30’ 
Holborn, London, E.C.1, should be completed and returned as soon as 
possible. Please mark envelopes ‘‘Confidential Ref EE/246"’. 











IMPERIAL CHEMICAL INDUSTRIES 
LIMITED 


require 


TECHNICAL ASSISTANTS 
for work on INSTRUMENT DEVELOPMENT 


preferably with O.N.C. (or equivalent) in Electrical 

Engineering, and some experience in light instru- 

ment work, strain gauge techniques or circuit 
development. 

The posts are concerned with the measurement of 

rocket motor performance and carry with them 

full participation in Profit Sharing Scheme and 
Pension Fund. 

Applications should be addressed to General 

Services Manager, |.C.I., Metals Division, Summer- 

field Research Station, Kidderminster. 











Lec Refrigeration Ltd 
Require 
TECHNICIANS FOR ELECTRONIC 

DEVELOPMENT OF TEST EQUIPMENT 
Applicants aged 25 to 30 years, must have a minimum of 
Higher National Certificate, with a sound electrical 
engineering training, including Electric Motors and Control 
Equipment, Instruments and Protective Relays. 
Call, write or telephone 

THE PERSONNEL OFFICER, 
Lec Refrigeration Ltd., Bognor Regis 

Tel.: BOGNOR REGIS 2201 
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FERRANTI LTD. 
MANCHESTER 


has vacancies in the 


COMPUTER DEPARTMENT 


for 


SUPERVISING ENGINEERS 


for post-installation service to Ferranti Computers 
in this country and abroad. Applicants should have 
technical knowledge up to H.N.C. standard or equiva- 
lent. Favourable consideration will be given to 
applicants who have a good background of training 
and experience on Service electronic and radar equip- 
ment. Successful applicants will have the opportunity, 
if they so desire, to be considered for periods of service 
in this capacity on Ferranti Computers installed in 
many countries abroad. 


The above appointments will carry salaries fully 
commensurate with qualifications and experience. 
The Company operates a Staff Pension Scheme and an 
Instalment Assurance Scheme. 


Application is by form obtainable from; 
T. J. Lunt, Staff Manager, 
Ferranti Ltd., Hollinwood, Lancs. 


Please quote ref; KLS. 








OPENINGS IN THE U.S.A. 


Old established American firm with laboratories in urban and rural 
areas of the North Eastern U.S. invites applications from 


creative 
-ENGINEERS & PHYSICISTS 


with at least three years’ experience in any of the following fields:— 
semi-conductors, transistors, microwave valves, receiving 
valves, video valves, cathode ray valves, power valves, etc. 
Positions are in the fields of research, design, development and produc- 
tion engineering and are connected with a scientific project of a truly 
unique nature. 

Top salaries and liberal employee benefits, pension plan, health 
insurance, etc. The Company will pay relocation expenses of applicants 
and family. Interviews will be held in Europe this summer. 

Please send detailed résumé of background and experience to:— 


WELTON INTERNATIONAL CORPORATION 


Industrial Development Consultants 
210 Fifth Avenue, New York 10, N.Y. 














MIDDLESEX EDUCATION COMMITTEE 


SOUTHALL TECHNICAL COLLEGE 
DEPARTMENT OF ELECTRICAL ENGINEERING 


The next entry to the full-time course in Electrical 
Engineering and Applied Electronics will take place on 
21st September. Evening Courses, commencing on 28th 
September, will also be held in Advanced Mathematics, 
Analogue Computers, Digital Computors, Transistors, 
Servo-Mechanisms, Pulse Techniques, Industrial Electronics, 
Radio Telemetry, Practical Numerical Analysis and Auto- 
matic Process Control. 


Details from: 
The. Principal, 
Technical College, Beaconsfield Road, 
Southall, Middx. 
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The Trade Marks set out below were assigned on 31st March, 1959, by 
Foxboro-Yoxall Ltd. of Redhill, Surrey, to The Foxboro Company, of 
Foxborough, Massachusetts, United States of America, WITHOUT THE 
png ty LL OF THE BUSINESS IN WHICH THEY WERE THEN 
IN . 











Registered Trade Mark Goods 
No. 

681506 DYNATHERM Measuring instruments. 

683659 FOXBORO Controlling, measuring, indicating and 
recording instruments, all for use in 
industry. 

683660 STABILOG Controlling, measuring, indicating and 
recording instruments, all for use in 
industry. 

683661 DYNALOG Electronic measuring instruments. 

687592 VERIGRAPH Apparatus for controlling, indicating 
and recording moisture and weight, all 
being scientific instruments for use in 
industry. 

688993 DYNAPOISE Electrical apparatus. 

689000 PHANTOM Recording charts for use with instru- 
ments. 

691568 HUMITEX Recording charts. 
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copy of our 1959 


YOU are invited to apply for a 
illustrated 


brochure and price list which gives 
full details of our wide range of 


QUARTZ CRYSTAL UNITS 


which are renowned for their 


Accuracy & Reliability 


THE QUARTZ CRYSTAL Company Ltd. 
Q.C.C. Works, Wellington Crescent, New Malden, Surrey 
Telephones: MALden 0334 & 2988 Grams & Cables: Quartzco, New Malden 








Wi/kinsons 
fr RELAYS BA 


P.O. TYPE 3000 
BUILT TO YOUR SPECIFICATION 


Contacts up to 8 changeover 


quuck DELIVERY 


KEEN PRICES 





ALL TYPES 
UP TO 
4CO /6CO 


Sr " 

RACKS—POST OFFICE STANDARD. 6 ft. high with U- 
channel sides drilled for i9in. panels, heavy angle base, 4ft. 
10 in. also in stock. 
VARIABLE TRANSFORMER 230 volts A.C. 50/60 cycles. 
Output infinitely variable from-0-270 volts 9 amps. Brand new- 
€15 cge. 12/6. 

QUANTITIES 

AVAILABLE 


L. WILKINSON (CROYDON) 





_ De 
bail 


CALLERS 


WRITE FOR 
@ weicome ®@ L 


ISTS 





P.O. Racks 
Micro- 


LTD. 


19 LANSDOWNE RD. CROYDON SURREY 


Grams: WILCO CROYDON 


EE 12 208 for further details 





Phone: CRO 0839 





ELECTRONIC ENGINEERING 
























SCAT AT 


austere 





EE 12209 for further details 


ELEGTRON 
BEAM 
WELDING 


0.010" thick 
molybdenum sheet. 





> 





0.010” thick molybdenum 
sheet bent through 90° 
at room temperature 


a 


th 


Stainless steel tube 
with end cap. 





3” thick copper flange welded 
to }” thick copper tube. 


Electron beam welding carried out in high vacuum 

better than 10 ~* torr (mm Hg) enables even the most 
refractory metals to be flux-free welded with complete 
elimination of atmospheric contamination. Unlike 
conventional methods the electron beam does not disturb 
the molten metal and thus thin section components 

can be neatly and effectively welded. The superior weld 
quality, deep penetration, intense localised heating 

and the many other advantages of electron beam 

welding can be fully investigated with the ‘‘Speedivac’’ 


unit* illustrated. 


*C.E.A. SYSTEM Patent Pending (Brit. Pat. Appl. 1962/57) 
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transistor - 
manufacture 


In the manufacture of transistors, Siemens Edison 
Swan Limited use a Birlec direct dehumidifier to 
maintain dry, dust-free conditions for the prepara- 
tion and final assembly of germanium wafers. 
Maintaining 10% relative humidity conditions, the 
direct dehumidifier ensures accurate grading of the 
wafers according to thickness, and perfect electrical 
contact between the wafers forming emitter, base, 
and collector in the transistor. 





Above : 


Drying germanium wafers in vacuum ovens 
Grading germanium wafers prior to assembling into transistors 


DRYER DIVISION OF 


BIRLEC 


ERDINGTON 


LIMITE 





AN A.E.Il, COMPANY 


BIRMINGHAM 





LONDON 


SHEFFIELD - 
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FOR AIR.CONDITIONING 
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}.in flame barrier 


Of Military Specification 
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irrent for 5 minutes and prevent 
jassage of flame for twenty minutes while 
Subjected to a flame of 2000°F. Cannon 

A Connectors meet this specification. 

In addition to firewall plugs Cannon Electric 
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way that. wilf increase the temperature range. 
We would like to suggest that you will find it 
well worth your while to consult our engineer- 
ing personnel for full information on the new- 
est high temperature connectors available. 

For an interesting discussion of the 
broad subject of ‘' Reliability,’’ write for 
Cannon Bulletin R-1. 
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